Libraries Guide

Chapter 4
Design Elements (CAPTURE_VIRTEX to

DECODE64)

This chapter describes design elements included in the Unified Libraries. The elements are organized in alphanumeric
order with all numeric suffixes in ascending order.

Information on the specific architectures supported by each of the following libraries is contained under the Applicable
Architectures section of the Unified Libraries Chapter.

» XC3000 Library
e XCA4000E Library

»  XC4000X Library

» XC5200 Library
» XC9000 Library

» Spartan Library
e SpartanXL Library

» \Virtex Library

Note: WhereverXC4000is mentioned, the information applies to all architectures supported by the XC4000E and
XC4000X libraries.

Note: WhereverSpartansor Spartan seriegs mentioned, the information applies to all architectures supported by
the Spartan and SpartanXL libraries.

Schematics are included for each library if the implementation differs. Design elements with bused or multiple 1/0O pins
(2-, 4-, 8-, 16-bit versions) typically include just one schentatigenerally the 8-bit version. When only one schematic

is included, implementation of the smaller and larger elements differs only in the number of sections. In cases where an
8-bit version is very large, an appropriate smaller element serves as the schematic example.

CAPTURE_VIRTEX
Virtex Register State Capture for Bitstream Readback

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A N/A N/A N/A N/A N/A N/A Primitive
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CAPTURE_VIRTEX
CAP
CLK
X8681

CAPTURE_VIRTEX provides user control over when to capture register (flip-flop and latch) information for readback.
Virtex provides the readback function through dedicated configuration port instructions, instead of with a READBACK
component as in other FPGA architectures. The CAPTURE_VIRTEX symbol is optional. Without it readback is still
performed, but the asynchronous capture function it provides for register states is not available.

Note: Virtex only allows for capturing register (flip-flop and latch) states. Although LUT RAM, SRL, and block
RAM states are read back, they cannot be captured.

An asserted High CAP signal indicates that the registers in the device are to be captured at the next Low-to-High clock
transition. The Low-to-High clock transition triggers the capture clock (CLK) which clocks out the readback data.

Two BitGen options control when capture can occur.

«  When ONESHOT mode is set, only a single capture of registers for readback is allowed. After a trigger (transition
on CLK while CAP is asserted), all register information is captured and no additional captures can occur until the
readback operation is completed.

«  When CONTINUOUS mode is set, data is captured after every trigger (transition on CLK while CAP is
asserted).

For details on the Virtex readback function, refer to the Xilinx web site,
http://www.xilinx.com.

CB2CE, CB4CE, CB8CE, CB16CE

2-, 4-, 8-,16-Bit Cascadable Binary Counters with Clock Enable and
Asynchronous Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Macro Macro Macro Macro Macro Macro Macro Macro
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CB2CE, CB4CE, CB8CE, and CB16CE are, respectively, 2-, 4-, 8-, and 16-bit (stage), asynchronous, clearable,
cascadable binary counters. The asynchronous clear (CLR) is the highest priority input. When CLR is High, all other
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inputs are ignored; the Q outputs, terminal count (TC), and clock enable out (CEO) go to logic level zero, independent of
clock transitions. The Q outputs increment when the clock enable input (CE) is High during the Low-to-High clock (C)
transition. The counter ignores clock transitions when CE is Low. The TC output is High when all Q outputs are

High.

Larger counters are created by connecting the CEO output of the first stage to the CE input of the next stage and
connecting the C and CLR inputs in parallel. CEO is active (High) when TC and CE are High. The maximum length of
the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period. The clock period
must be greater thar(t- ), wheren is the number of stages and the tipge ;. is the CE-to-TC propagation delay of

each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if it does
not.

The counter is asynchronously cleared, outputs Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

CLR CE C Qz-Q0 TC CEO
1 X X 0 0 0

0 0 X No Chg No Chg 0

0 1 1 Inc TC CEO

z= 1 for CB2CE; z = 3 for CB4CE; z = 7 for CB8CE; z = 15 for
CB16CE

TC =Q2Q(z-1»Q(z-2p...Q0

CEO=TGCE

Figure 4-1CB8CE Implementation XC3000, XC4000, XC5200, Spartans, Virtex
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Figure 4-2CB2CE Implementation XC9000
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Figure 4-3CB8CE Implementation XC9000
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CB2CLE, CB4CLE, CB8CLE, CB16CLE

2-, 4-, 8-, 16-Bit Loadable Cascadable Binary Counters with Clock Enable
and Asynchronous Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
Macro Macro Macro Macro Macro Macro Macro Macro

D0 | CB2CLE | QO

D1 a1
L |

CE CEOQ
c | | TC
CLR
X4354

po | CB4CLE | qp

DA ()|

D2 Q2
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_} | 1%

CLR | x43ss
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CB2CLE, CB4CLE, CB8CLE, and CB16CLE are, respectively, 2-, 4-, 8-, and 16-bit (stage) synchronously loadable,
asynchronously clearable, cascadable binary counters. The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored; the Q outputs, terminal count (TC), and clock enable out (CEO) go to logic
level zero, independent of clock transitions. The data on the D inputs is loaded into the counter when the load enable
input (L) is High during the Low-to-High clock transition, independent of the state of clock enable (CE). The Q outputs
increment when CE is High during the Low-to-High clock transition. The counter ignores clock transitions when CE is
Low. The TC output is High when all Q outputs are High.

Larger counters are created by connecting the CEO output of the first stage to the CE input of the next stage and
connecting the C, L, and CLR inputs in parallel. CEO is active (High) when TC and CE are High. The maximum length
of the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period. The clock period
must be greater thar(t- ), wheren is the number of stages and the tipge ;. is the CE-to-TC propagation delay of

each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if it does
not.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

9 - libguide



Libraries Guide

Inputs Outputs
CLR L CE C Dz - Qz - TC CEO
DO Q0

1 X X X X 0 0 0

0 1 X 1 Dn dn TC CEO
0 0 0 X X No No 0

Chg Chg
0 0 1 1 X Inc TC CEO

z=1 for CB2CLE; z = 3 for CBACLE; z = 7 for CB8CLE; z = 15 for
CB16CLE

dn = state of referenced input (Dn) one setup time prior to active
clock transition.

TC =Q2Q(z-1»Q(z-2p...Q0

CEO =TGCE

Figure 4-4CB8CLE Implementation XC3000
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Figure 4-5CB8CLE Implementation XC4000, XC5200, Spartans, Virtex

12 - libguide



Libraries Guide

O 0]

[ Td

—

ARCA

e
AMNDE

—I_'\. CED
ANC2

XB13%

13 - libguide



Libraries Guide

Figure 4-6CB2CLE Implementation XC9000
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Figure 4-7CB8CLE Implementation XC9000
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CB2CLED, CB4CLED, CB8CLED, CB16CLED

2-, 4-, 8-, 16-Bit Loadable Cascadable Bidirectional Binary Counters with
Clock Enable and Asynchronous Clear
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XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL

Macro Macro Macro Macro Macro Macro Macro Macro
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CB2CLED, CB4CLED, CB8CLED, and CB16CLED are, respectively, 2-, 4-, 8- and 16-bit (stage), synchronously
loadable, asynchronously clearable, cascadable, bidirectional binary counters. The asynchronous clear (CLR) is the
highest priority input. When CLR is High, all other inputs are ignored; the Q outputs, terminal count (TC), and clock
enable out (CEO) go to logic level zero, independent of clock transitions. The data on the D inputs is loaded into the
counter when the load enable input (L) is High during the Low-to-High clock (C) transition, independent of the state of
clock enable (CE). The Q outputs decrement when CE is High and UP is Low during the Low-to-High clock transition.
The Q outputs increment when CE and UP are High. The counter ignores clock transitions when CE is

Low.

For counting up, the TC output is High when all Q outputs and UP are High. For counting down, the TC output is High
when all Q outputs and UP are Low. To cascade counters, the CEO output of each counter is connected to the CE pin of
the next stage. The clock, UP, L, and CLR inputs are connected in parallel. CEO is active (High) when TC and CE are
High. The maximum length of the counter is determined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater &g ), wheren is the number of stages and the tiqe ;- is the

CE-to-TC propagation delay of each stage.

When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if it does not. For
CPLD designs, refer to tH€B2X1, CB4X1, CB8X1, CB16X1" section for high-performance cascadable,
bidirectional counters.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
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simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

CL L CE C UP Dz - Qz - TC CE

R DO Qo0 @)

1 X X X X X 0 0 0

0 1 X 1 X Dn dn TC CE
@)

0 0 0 X X X No No 0

Chg Chg

0 0 1 1 1 X Inc TC CE
@)

0 0 1 1 0 X Dec TC CE
@)

z =1 for CB2CLED; z = 3 for CBACLED; z = 7 for CB8CLED,; z =
15 for CB16CLED

dn = state of referenced input (Dn), one setup time prior to active
clock transition

TC = (Q2Q(z-1rQ(z-2F..2 Q0 UP) +
(QzeQ(z-1pQ(z-2)p... QO UP)
CEO=TGCE

Figure 4-8CB8CLED Implementation XC3000

18 - libguide



FrIim
"
.
v @ -
i
"
ge L
FIGLE
F
P a L
a1 l
'
[=1} T
]
et
=
FEEWE
i
v o .|
i
.
(¥} *
o
=
FRELE
"
v - ! n
E
. [
-
T
7]
b
FEELE
F
P a "
P
et
s
- T
ot
+
FTELE
F
P a
a
ua
T
o
.
alil]
k
a F 4+
fa
Lot L
]
fa
'
*1ELE
1
dy 1 11
"
[
"
ne
L

-
L
[ il
1
. a
ripa
[
riar
=
| un
Ta
4 i
pr—
- a Tl
L1
rawe| T
L=
| )
4w
— 1
R
ry ] emeTT
s
-
T THOH
=1
e | = T4
[
- T
s T
]
-
. o
[P,
1
."Ilr
E an
LT
| P i
Fres
| -
™
-
uiyle
v
a1 el
. —
1, TE_OH
il w1
: S 1]
Tmi-h
T
o
ma
S

Libraries Guide

19 - libguide



Libraries Guide

Figure 4-9CB8CLED Implementation XC4000, XC5200, Spartans, Virtex
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Figure 4-10CB4CLED Implementation XC9000

22 - libguide



Libraries Guide

-

T ; T 7 g
j T R

ml Al B .

Ntk pr mﬂ_ A _” L_km il x,_,___ i i

23 - libguide



Libraries Guide

CB2RE, CB4RE, CB8RE, CB16RE

2-, 4-, 8-, 16-Bit Cascadable Binary Counters with Clock Enable and
Synchronous Reset

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Macro Macro Macro Macro Macro Macro Macro Macro
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CB2RE, CB4RE, CB8RE, and CB16RE are, respectively, 2-, 4-, 8-, and 16-bit (stage), synchronous, resettable,
cascadable binary counters. The synchronous reset (R) is the highest priority input. When R is High, all other inputs are
ignored; the Q outputs, terminal count (TC), and clock enable out (CEO) go to logic level zero during the Low-to-High
clock transition. The Q outputs increment when the clock enable input (CE) is High during the Low-to-High clock (C)
transition. The counter ignores clock transitions when CE is Low. The TC output is High when both Q outputs are

High.

Larger counters are created by connecting the CEO output of the first stage to the CE input of the next stage and
connecting the C and R inputs in parallel. CEO is active (High) when TC and CE are High. The maximum length of the
counter is determined by the accumulated CE-to-TC propagation delays versus the clock period. The clock period must
be greater than(t_o), wheren is the number of stages and the tiqe ;- is the CE-to-TC propagation delay of each

stage. When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if it does
not.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

R CE C Qz-Q0 TC CEO
1 X 1 0 0 0

0 0 X No Chg No Chg 0
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0 1 1 Inc TC CEO

z =1 for CB2RE; z = 3 for CB4RE; z = 7 for CB8RE; z = 15 for
CB16RE

TC = Q2Q(z-1»Q(z-2p..2Q0)

CEO =TGCE

Figure 4-11CB8RE Implementation XC3000, XC4000, XC5200, Spartans, Virtex
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Figure 4-12CB2RE Implementation XC9000
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Figure 4-13CB8RE Implementation XC9000
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CB2RLE, CB4RLE, CB8RLE, CB16RLE

2-, 4-, 8-, 16-Bit Loadable Cascadable Binary Counters with Clock Enable
and Synchronous Reset

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL

N/A N/A N/A N/A Macro N/A N/A N/A

oo | CB2RLE | aqo

D1 Q1

L |

CE CEO

[ TC

_} |

R X4513

D0 | CB4ARLE | QD

D1 a1

D2 Q2

D3 Q3

L

CE CEO

C TC

R X4514
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CB2RLE, CB4RLE, CB8RLE, and CB16RLE are, respectively, 2-, 4-, 8-, and 16-bit (stage), synchronous, loadable,
resettable, cascadable binary counter. The synchronous reset (R) is the highest priority input. The synchronous R, when
High, overrides all other inputs and resets the Q outputs, terminal count (TC), and clock enable out (CEO) outputs to
Low on the Low-to-High clock (C) transition.

The data on the D inputs is loaded into the counter when the load enable input (L) is High during the Low-to-High clock
(C) transition, independent of the state of CE. The Q outputs increment when CE is High during the Low-to-High clock
transition. The counter ignores clock transitions when CE is Low. The TC output is High when all Q outputs are High.
The CEO output is High when all Q outputs and CE are High to allow direct cascading of

counters.

Larger counters are created by connecting the CEO output of the first stage to the CE input of the next stage and by
connecting the C, L, and R inputs in parallel. The maximum length of the counter is determined by the accumulated
CE-to-CEO propagation delays versus the clock period. When cascading counters, use the CEO output if the counter
uses the CE input; use the TC output if it does not.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net.

Inputs Outputs
R L CE Cc Dz - Qz - TC CEO
DO Q0
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1 X X 1 X 0 0 0

0 1 X 1 Dn dn TC CEO

0 0 0 X X No No 0
Chg Chg

0 0 1 1 X Inc TC CEO

z =1 for CB2RLE; z = 3 for CB4RLE; z = 7 for CB8RLE; z = 15 for
CB16RLE

dn = state of referenced input (Dn) one setup time prior to active
clock transition

TC =Q2Q(z-1rQ(z-2»..2.Q0

CEO =TGCE

Figure 4-14CB2RLE Implementation XC9000
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Figure 4-15CB8RLE Implementation XC9000
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CB2X1, CB4X1, CB8X1, CB16X1

2-, 4-, 8-, 16-Bit Loadable Cascadable Bidirectional Binary Counters with
Clock Enable and Asynchronous Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A N/A N/A N/A Macro N/A N/A N/A
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D[15:0] CB16X1 EE:D}
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CB2X1, CB4X1, CB8X1, and CB16X1 are, respectively, 2-, 4-, 8-, and 16-bit (stage), synchronously loadable,
asynchronously clearable, bidirectional binary counters. These counters have separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to support high-speed cascading in the CPLD
architecture.

The asynchronous clear (CLR) is the highest priority input. When CLR is High, all other inputs are ignored; data outputs
(Q) go to logic level zero, terminal count outputs TCU and TCD go to zero and one, respectively, clock enable outputs
CEOU and CEOD go to Low and High, respectively, independent of clock transitions. The data on the D inputs loads
into the counter on the Low-to-High clock (C) transition when the load enable input (L) is High, independent of the CE
inputs.

The Q outputs increment when CEU is High, provided CLR and L are Low, during the Low-to-High clock transition.

The Q outputs decrement when CED is High, provided CLR and L are Low. The counter ignores clock transitions when
CEU and CED are Low. Both CEU and CED should not be High during the same clock transition; the CEOU and CEOD
outputs might not function properly for cascading when CEU and CED are both High.

For counting up, the CEOU output is High when all Q outputs and CEU are High. For counting down, the CEOD output
is High when all Q outputs are Low and CED is High. To cascade counters, the CEOU and CEOD outputs of each
counter are connected directly to the CEU and CED inputs, respectively, of the next stage. The clock, L, and CLR inputs
are connected in parallel.

In Xilinx CPLD devices, the maximum clocking frequency of these counter components is unaffected by the number of
cascaded stages for all counting and loading functions. The TCU terminal count output is High when all Q outputs are
High, regardless of CEU. The TCD output is High when all Q outputs are Low, regardless of CED.

When cascading counters, the final terminal count signals can be produced by AND wiring all the TCU outputs (for the
up direction) and all the TCD outputs (for the down direction). The TCU, CEOU, and CEOD outputs are produced by
optimizable AND gates within the component, resulting in zero propagation from the CEU and CED inputs and from the
Q outputs, provided all connections from each such output remain on-chip. Otherwise, a macrocell buffer delay is
introduced.

The counter is initialized to zero (TCU Low and TCD High) when power is applied. For CPLDs, the power-on condition
can be simulated by applying a High-level pulse on the PRLD global net.

Inputs Outputs
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CcC L C C C Dz-D Qz- TC TC CE CE

L E E 0 Qo0 0] D ou oD

R U D

1 X X X X X 0 0 1 0 CE

oD

0 1 X X + Dn dn TC TC CE CE
U D ou oD

0O 0O 0 X X No No No 0 0

Chg Chg Chg

0O 0 1 0 t X Inc TC TC CE 0
U D ou

0O 0O 1 t X Dec TC TC 0 CE
U D oD

0O 0 1 1 + X Inc TC TC Inva Inva
U D lid lid

z =1 for CB2X1; z = 3 for CB4X1; z = 7 for CB8X1; z = 15 for

CB16X1

dn = state of referenced input (Dn) one setup time prior to active

clock transition

TCU = Q2Q(z-1»Q(z-2r...Q0
TCD = Q2Q(z-1p Q(z-2y..2 QO
CEOU =TCUCEU

CEOD = TCDCED

Figure 4-16CB4X1 Implementation XC9000
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, CB4X2, CB8X2, CB16X2

2-, 4-, 8-, and 16-Bit Loadable Cascadable Bidirectional Binary Counters
with Clock Enable and Synchronous Reset

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A N/A N/A N/A Macro N/A N/A N/A

Do CB2X2 Qo

D1 o1

TCU

L TCD

CEU CEOU

CED CEOD

c

>

R X4195

DO | cpaxz2 | @0

D1 a1

D2 Q2

D3 Q3

TCU

L TCD
CEU CEOU
CED CEOD

c

—

R X497
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o7l cpgxz [QUO

TCU
L | TCD
CEU | CEOU
CED | CEOD
L}
R 4199
DE1£:0}| CB16X2 |u[1£:u}
TCU
L | TCD
CEU | CEOU
CED | CEOD
'3_;,
R X4201

CB2X2, CB4X2, CB8X2, and CB16X2 are, respectively, 2-, 4-, 8-, and 16-bit (stage), synchronous, loadable, resettable,
bidirectional binary counters. These counters have separate count-enable inputs and synchronous terminal-count outputs
for up and down directions to support high-speed cascading in the CPLD architecture.

The synchronous reset (R) is the highest priority input. When R is High, all other inputs are ignored; the data outputs (Q)
go to logic level zero, terminal count outputs TCU and TCD go to zero and one, respectively, and clock enable outputs
CEOU and CEOD go to Low and High, respectively, on the Low-to-High clock (C) transition. The data on the D inputs
loads into the counter on the Low-to-High clock (C) transition when the load enable input (L) is High, independent of

the CE inputs.

All Q outputs increment when CEU is High, provided R and L are Low during the Low-to-High clock transition. All Q
outputs decrement when CED is High, provided R and L are Low. The counter ignores clock transitions when CEU and
CED are Low. Both CEU and CED should not be High during the same clock transition; the CEOU and CEOD outputs
might not function properly for cascading when CEU and CED are both High.

For counting up, the CEOU output is High when all Q outputs and CEU are High. For counting down, the CEOD output
is High when all Q outputs are Low and CED is High. To cascade counters, the CEOU and CEOD outputs of each
counter are, respectively, connected directly to the CEU and CED inputs of the next stage. The C, L, and R inputs are
connected in parallel.

In Xilinx CPLD devices, the maximum clocking frequency of these counter components is unaffected by the number of
cascaded stages for all counting and loading functions. The TCU terminal count output is High when all Q outputs are
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High, regardless of CEU. The TCD output is High when all Q outputs are Low, regardless of CED.

When cascading counters, the final terminal count signals can be produced by AND wiring all the TCU outputs (for the
up direction) and all the TCD outputs (for the down direction). The TCU, CEOU, and CEOD outputs are produced by
optimizable AND gates within the component, resulting in zero propagation from the CEU and CED inputs and from the
Q outputs, provided all connections from each such output remain on-chip. Otherwise, a macrocell buffer delay is
introduced.

The counter is initialized to zero (TCU Low and TCD High) when power is applied. For CPLDs, the power-on condition
can be simulated by applying a High-level pulse on the PRLD global net.

Inputs Outputs
R L C C C Dz- Qz - TCU TCD CEO CEO
E E DO QO U D
Uu D
1 X X X 1 X 0 0 1 0 CEO
D
0 1 X X ¢t Dn dn TCU TCD CEO CEO
U D
0O 0 0O 0 X X No No No 0 0
Chg Chg Chg
O 0 1 o0 t X Inc TCU TCD CEO 0
U
O 0 0O 1 X Dec TCU TCD 0 CEO
D
O o 1 1 ¢ X Inc TCU TCD Invali Invali
d d
z=1for CB2X2; z = 3 for CB4X2; z = 7 for CB8X2; z = 15 for
CB16X2
d = state of referenced input (Dn) one setup time prior to active clock
transition

TCU = Q2Q(z-1»Q(z-2p...Q0
TCD = Q2Q(z-1p Q(z-2y..2 QO
CEOU =TCUCEU
CEOD = TCDCED

Figure 4-17CB4X2 Implementation XC9000
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CC8CE, CC16CE

8-, 16-Bit Cascadable Binary Counters with Clock Enable and
Asynchronous Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Macro Macro Macro N/A Macro Macro Macro

CC8CE | Q[7:0]

CEO
TC

e My
m

X4290

CC16CE | Q[15:0]
j—

CEO
TC

”
m

CLR
X4286

CCS8CE and CC16CE are, respectively, 8- and 16-bit (stage), asynchronous, clearable, cascadable binary counters. These
counters are implemented using carry logic with relative location constraints to ensure efficient placement of logic. The
asynchronous clear (CLR) is the highest priority input. When CLR is High, all other inputs are ignored; the Q outputs,
terminal count (TC), and clock enable out (CEO) go to logic level zero, independent of clock transitions. The Q outputs
increment when the clock enable input (CE) is High during the Low-to-High clock (C) transition. The counter ignores

clock transitions when CE is Low. The TC output is High when all Q outputs are High.

Larger counters are created by connecting the count enable out (CEO) output of the first stage to the CE input of the next
stage and connecting the C and CLR inputs in parallel. CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period. The clock
period must be greater that._ o), wheren is the number of stages and the tixe - is the CE-to-TC propagation

delay of each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if
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it does not.

The counter is asynchronously cleared, with Low outputs, when power is applied. FPGAs simulate power-on when
global reset (GR) or global set/reset (GSR) is active. GR for XC5200 and GSR (XC4000, Spartans, Virtex) default to

active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

CLR CE C Qz-Q0 TC CEO
1 X X 0 0 0

0 0 X No Chg No Chg 0

0 1 1 Inc TC CEO

z =7 for CC8CE; z = 15 for CC16CE
TC =Q2Q(z-1»Q(z-2p...Q0
CEO=TGCE

Topology for XC4000 and Spartans

This is the CC8CE (8-bit) and CC16CE (16-bit) topology for XC4000 and Spartan series devices.
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TC*
CEO*
D15 Q15
D14 Q14
TC* D13 Qi3
CEO* D12 Q12
D7 Q7 D11 Q11
Dg Qg D10 Q10
Dg Qg Dg Qg
D4 Q4 Dsg Qg
D3 Q3 D7 a7y
D2 Qz Dg Qe
D1 Q1 D5 Qg
Do Qo D4 Q4
8.Bit D3 Q3
D2 Q2
D1 Qq
Do Qp
X8214 16-Bit
Topology for XC5200

This is the CC8CE (8-bit) and CC16CE (16-hit) topology for XC5200 devices.
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Figure 4-18CC8CE Implementation XC4000, Spartans
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Figure 4-19CC8CE Implementation XC5200
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Figure 4-20CC8CE Implementation Virtex

48 - libguide



Libraries Guide

ANDZ
MUXCY |LO
a7 5/ 1 % RLOC=R0CO.S1
REE
FDCE
c7
T 5 ol
e CE
XORCY
~ CLR
Qb "
RLOC=ROCO.51 RLOC=ROGC0.50
- FDCE
§y_Tas o o
— CE
XORCY -
- CLR
Qs RLOC=R1C0.51 RLOC=ROC0.50
s FDCE
1 TGS
o D af
XORCY CE
MUXCY_L|LD ‘ CLR
@ 5/ 1 ¥ BLOG=RICS RLOC=R1C0.50
m| ¢ FDCE
ca
Sy Tod o ol
XORCY CE
CLA
MUXCY L|LO
(=] 5 o1 ALOC=R2C0.51 BLOC=R1C0.50
m| ¢ FDCE
c2
— TQ1
Y D of
CE
XORCY c
MUXCY L |LO ) CLR
az 8/ 5 1 » ALOC-R2CO.51 ALOC=R2C0.50
m| o FDCE
e s, TQ2
> D Qf
XORCY CE
= CLR
MUuXCY L|LO — 1
a1 S/ 5 1 " RLOC=RICO.51 RLOC=R2C0.50
DI m{z1 FDCE
1 TQ1
NS D af
XORCY CE
~ CLR
ao RLOC=RICD.51 ! RLOC=R3C0.50
FDCE
co
Fy_Tae o N
L N, o
- XORCY
GHND € orr
vce
RLOC=R3C0.50
CE
|
=i
CLR
|

49 - libguide

Qv

Qs

Q5

o4

Q3

Q2

Q1

Qo

TC
CEO
=
Q0]
FMAP

—|u

—is TQr
L
B

ALOC=ROCO.50
FM AP

—i

—is TOG
.%ﬁ%——dz o u
B—n

RLOC=ROCO.50
FM AP

—.

—is TOS
l%%-|z o—=
B—n

RLOC=-R1C0.50
FM AP

i

—ia Tod
iz o— =
|

RLOC=R1C0.50

FM AP

—n

—1I3 TO3
=iz 9o W
2 n

RLOC=R2C0.50

FMAP

—

—13 T2
2 O =
"L

RLOC=R2C0.50

FM AP

—i

—iz TQ1
.C! 12 o—H
Lo -

RLOC=R3CD.50

FM AP

—|u

—ia TOO
B2 2 O ®
[~LeL:B—

ALOC=R3C0.50

Xa710



Libraries Guide

CC8CLE, CC16CLE

8-, 16-Bit Loadable Cascadable Binary Counters with Clock Enable and
Asynchronous Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Macro Macro Macro N/A Macro Macro Macro

pi7:01 [ ccscLE | a0l
] | ]
cEo
L C
cE| —
c |
CLR X4289
D[15:0] | cC16CLE | @Q[15:0]
] | ]
cEo
L | T
CE|
C |
CLR X4284

CC8CLE and CC16CLE are, respectively, 8- and 16-bit (stage), synchronously loadable, asynchronously clearable,
cascadable binary counter. These counters are implemented using carry logic with relative location constraints to ensure

efficient placement of logic.

The asynchronous clear (CLR) is the highest priority input. When CLR is High, all other inputs are ignored; the Q
outputs, terminal count (TC), and clock enable out (CEO) go to logic level zero, independent of clock transitions. The
data on the D inputs is loaded into the counter when the load enable input (L) is High during the Low-to-High clock (C)
transition, independent of the state of clock enable (CE). The Q outputs increment when CE is High during the
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Low-to-High clock transition. The counter ignores clock transitions when CE is Low. The TC output is High when all Q
outputs are High.

Larger counters are created by connecting the count enable out (CEO) output of the first stage to the CE input of the next
stage and connecting the C, L, and CLR inputs in parallel. CEO is active (High) when TC and CE are High. The

maximum length of the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period.
The clock period must be greater thety.- ), wheren is the number of stages and the tixe 1 is the CE-to-TC

propagation delay of each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the
TC output if it does not.

The counter is asynchronously cleared, with Low output, when power is applied. FPGAs simulate power-on when
global reset (GR) or global set/reset (GSR) is active. GR for XC5200 and GSR (XC4000, Spartans, Virtex) default to
active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs
CLR L CE C Dz - Qz - TC CEO
DO QO

1 X X X X 0 0 0

0 1 X 1 Dn dn TC CEO
0 0 0 X X No No 0

Chg Chg
0 0 1 1 X Inc TC CEO

z =7 for CC8CLE; z = 15 for CC16CLE
dn = state of referenced input (Dn) one setup time prior to active
clock transition

TC =Q2Q(z-1»Q(z-2p...Q0
CEO=TGCE

Topology for XC4000 and Spartans

This is the CC8CLE (8-bit) and CC16CLE (16-bit) topology for XC4000 and Spartan series devices.
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TC*

CEO*

D15 Q15

D14 Q14

TC* D13 Qi3

CEO* D12 Q12

D7 Q7 D11 Q11
Dg Qg D1p Q10
Dg Qg Dg Qg
D4 Q4 Dsg Qg
D3 Q3 D7 a7y
D2 Qz Dg Qe
D1 Q1 D5 Qg
Do Qo D3 Q4
8.Bit D3 Q3
D2 Q2
D1 Qq
Do Qp

X8214 16-Bit

In the process of combining the logic that loads CEO and TC, the place and route software might map the logic that
generates CEO and TC to different function generators. If this mapping occurs, the CEO and TC logic cannot be placed
in the uppermost CLB as indicated in the illustration.

Topology for XC5200
This is the CC8CLE (8-bit) and CC16CLE (16-bit) topology for XC5200 devices.
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Figure 4-21CC8CLE Implementation XC4000, Spartans
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Figure 4-22CC8CLE Implementation XC5200
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8-, 16-Bit Loadable Cascadable Bidirectional Binary Counters with Clock
Enable and Asynchronous Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Macro Macro Macro N/A Macro Macro Macro
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CC8CLED and CC16CLED are, respectively, 8- and 16-bit (stage), synchronously loadable, asynchronously clearable,
cascadable, bidirectional binary counters. These counters are implemented using carry logic with relative location

constraints, which assures most efficient logic placement.

The asynchronous clear (CLR) is the highest priority input. When CLR is High, all other inputs are ignored; the Q
outputs, terminal count (TC), and clock enable out (CEO) go to logic level zero, independent of clock transitions. The
data on the D inputs is loaded into the counter when the load enable input (L) is High during the Low-to-High clock (C)
transition, independent of the state of clock enable (CE). The Q outputs decrement when CE is High and UP is Low
during the Low-to-High clock transition. The Q outputs increment when CE and UP are High. The counter ignores clock
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transitions when CE is Low.

For counting up, the TC output is High when all Q outputs and UP are High. For counting down, the TC output is High
when all Q outputs and UP are Low. To cascade counters, the count enable out (CEO) output of each counter is
connected to the CE pin of the next stage. The clock, UP, L, and CLR inputs are connected in parallel. CEO is active
(High) when TC and CE are High. The maximum length of the counter is determined by the accumulated CE-to-TC
propagation delays versus the clock period. The clock period must be greateftthan), wheren is the number of

stages and the tintg. ;. is the CE-to-TC propagation delay of each stage. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does not.

The counter is asynchronously cleared, outputs Low, when power is applied. FPGAs simulate power-on when global
reset (GR) or global set/reset (GSR) is active. GR (XC5200) and GSR (XC4000, Spartans, Virtex) default to active-High
but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or STARTUP_VIRTEX
symbol.

Inputs Outputs

CL L CE C UP Dz - Qz - TC CE

R DO Qo0 @)

1 X X X X X 0 0 0

0 1 X 1 X Dn dn TC CE
@)

0 0 0 X X X No No 0

Chg Chg

0 0 1 1 1 X Inc TC CE
@)

0 0 1 1 0 X Dec TC CE
@)

z =7 for CC8CLED; z = 15 for CC16CLED
dn = state of referenced input (Dn) one setup time prior to active clock
transition

TC = (Q2Q(z-1rQ(z-2F..2 Q0 UP) +
(QzeQ(z-1pQ(z-2)p... QO UP)
CEO=TGCE

Topology for XC4000 and Spartans

This is the CC8CLED (8-bit) and CC16CLED (16-bit) topology for XC4000 and Spartan series
devices.
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TC*
CEO”
D1is Q15
D14 Q14
TC* D13 Q13
CEO" D12 Q12
D7 Q7 D11 Q11
Dg Qg D1o Q10
Dg Qg Dg Qg
Da Q4 Dg Qg
D3 Q3 D7 a7z
D2 a2z Dg Qg
D1 Qi Dg Qg
Do Qo D4 Q4
8-Bit D3 a3
D2 Q2
D1 Q1
Do Qp
X8213 16-Bit

In the process of combining the logic that loads CEO and TC, the place and route software might map the logic that
generates CEO and TC to different function generators. If this mapping occurs, the CEO and TC logic cannot be placed
in the uppermost CLB as indicated in the illustration.

Topology for XC5200
This is the CC8CLED (8-bit) and CC16CLED (16-bit) topology for XC5200 devices.
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Figure 4-24CC8CLED Implementation XC4000, Spartans

Figure 4-25CC8CLED Implementation XC5200
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Figure 4-26CC8CLED Implementation Virtex
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CC8RE, CC16RE

8-, 16-Bit Cascadable Binary Counters with Clock Enable and
Synchronous Reset

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A Macro Macro Macro N/A Macro Macro Macro

ccsRE | Q[7:0]

CEO
TC

00
m

n

X4288

CC16RE | Q[15:0]

CEO
TC

00
m

X4283

CCS8RE and CC16RE are, respectively, 8- and 16-bit (stage), synchronous, resettable, cascadable binary counters. These
counters are implemented using carry logic with relative location constraints to ensure efficient placement of logic. The
synchronous reset (R) is the highest priority input. When R is High, all other inputs are ignored; the Q outputs, terminal
count (TC), and clock enable out (CEO) go to logic level zero on the Low-to-High clock (C) transition. The Q outputs
increment when the clock enable input (CE) is High during the Low-to-High clock transition. The counter ignores clock
transitions when CE is Low. The TC output is High when all Q outputs and CE are High.

Larger counters are created by connecting the CEO output of the first stage to the CE input of the next stage and
connecting the C and R inputs in parallel. CEO is active (High) when TC and CE are High. The maximum length of the
counter is determined by the accumulated CE-to-TC propagation delays versus the clock period. The clock period must

be greater than(t._o), wheren is the number of stages and the tiqe ;. is the CE-to-TC propagation delay of each

stage. When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if it does
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not.

The counter is asynchronously cleared, with Low outputs, when power is applied. FPGAs simulate power-on when
global reset (GR) or global set/reset (GSR) is active. GR (XC5200) and GSR (XC4000, Spartans, Virtex) default to
active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

R CE C Qz-Q0 TC CEO
1 X 1 0 0 0

0 0 X No Chg No Chg 0

0 1 1 Inc TC CEO

z =7 for CC8RE; z = 15 for CC16RE
TC =Q2Q(z-1rQ(z-2r..2Q0CE
CEO =TGCE

Topology for XC4000 and Spartans

This is the CC8RE (8-bit) and CC16RE (16-bit) topology for XC4000 and Spartan series devices.
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D4 Q4 Dsg Qg
D3 Q3 D7 a7y
D2 Qz Dg Qe
D1 Q1 D5 Qg
Do Qo D3 Q4
8.Bit D3 Q3
D2 Q2
D1 Qq
Do Qp

X8214 16-Bit

In the process of combining the logic that loads CEO and TC, the place and route software might map the logic that
generates CEO and TC to different function generators. If this mapping occurs, the CEO and TC logic cannot be placed
in the uppermost CLB as indicated in the illustration.

Topology for XC5200
This is the CC8RE (8-bit) and CC16RE (16-hit) topology for XC5200 devices.
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Figure 4-27CC8RE Implementation XC4000, Spartans
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Figure 4-28CC8RE Implementation XC5200
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CDACE

4-Bit Cascadable BCD Counter with Clock Enable and Asynchronous
Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
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CDACE is a 4-bit (stage), asynchronous, clearable, cascadable binary-coded-decimal (BCD) counter. The asynchronous
clear input (CLR) is the highest priority input. When CLR is High, all other inputs are ignored; the Q outputs, terminal
count (TC), and clock enable out (CEO) go to logic level zero, independent of clock transitions. The Q outputs

increment when clock enable (CE) is High during the Low-to-High clock (C) transition. The counter ignores clock
transitions when CE is Low. The TC output is High when Q3 and QO are High and Q2 and Q1 are

Low.

The counter recovers from any of six possible illegal states and returns to a normal count sequence within two clock
cycles for FPGA architectures, as shown in the following state diagram. For XC9000, the counter resets to zero or
recovers within the first clock cycle.
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Larger counters are created by connecting the count enable out (CEO) output of the first stage to the CE input of the next
stage and connecting the CLR and clock inputs in parallel. CEO is active (High) when TC and CE are High. The
maximum length of the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period.
The clock period must be greater thgfy.- ), wheren is the number of stages and the tixe 1 is the CE-to-TC

propagation delay of each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the
TC output if it does not.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse to the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

CL CE C Q3 Q2 Q1 Qo TC CE
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0 1 1 Inc Inc Inc Inc TC CE
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0 0 X No No No No TC 0
Chg Chg Chg Chg
0 1 X 1 0 0 1 1 1

TC = Q3Q2:Q1+QO
CEO =TGCE

Figure 4-30CD4CE Implementation XC3000, XC4000, XC5200, Spartans, Virtex
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Figure 4-31CD4CE Implementation XC9000
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CDACLE

4-Bit Loadable Cascadable BCD Counter with Clock Enable and
Asynchronous Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Macro Macro Macro Macro Macro Macro Macro Macro

75 - libguide



Libraries Guide

po | CD4CLE | o9

D1 Qf

D2 Q2

D3 Q3

L |

CE | CEO
c } TC

CLR | X4370

CDACLE is a 4-bit (stage), synchronously loadable, asynchronously clearable, binary-coded-decimal (BCD) counter.
The asynchronous clear input (CLR) is the highest priority input. When CLR is High, all other inputs are ignored; the Q
outputs, terminal count (TC), and clock enable out (CEO) go to logic level zero, independent of clock transitions. The
data on the D inputs is loaded into the counter when the load enable input (L) is High during the Low-to-High clock (C)
transition. The Q outputs increment when clock enable input (CE) is High during the Low- to-High clock transition. The
counter ignores clock transitions when CE is Low. The TC output is High when Q3 and QO are High and Q2 and Q1 are
Low.

The counter recovers from any of six possible illegal states and returns to a normal count sequence within two clock
cycles for FPGAs, as shown in the following state diagram. For XC9000, the counter resets to zero or recovers within
the first clock cycle.
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Larger counters are created by connecting the count enable out (CEO) output of the first stage to the CE input of the next
stage and connecting the CLR, L, and C inputs in parallel. CEO is active (High) when TC and CE are High. The

maximum length of the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period.
The clock period must be greater thgfy.- ), wheren is the number of stages and the tixe 1 is the CE-to-TC

propagation delay of each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the
TC output if it does not.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

C L C D3- C Q3 Q2 Q1 Qo0 T C
L E DO C E
R @)
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Chg Chg Chg Chg C
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d = state of referenced input one setup time prior to active clock

transition

TC = Q3Q2:Q1+Q0
CEO =TGCE

Figure 4-32CD4CLE Implementation XC3000
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Figure 4-33CD4CLE Implementation XC4000, XC5200, Spartans, Virtex
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Figure 4-34CD4CLE Implementation XC9000
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CD4RE

4-Bit Cascadable BCD Counter with Clock Enable and Synchronous
Reset

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Macro Macro Macro Macro Macro Macro Macro Macro
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CDA4RE is a 4-bit (stage), synchronous, resettable, cascadable binary-coded-decimal (BCD) counter. The synchronous
reset input (R) is the highest priority input. When R is High, all other inputs are ignored; the Q outputs, terminal count
(TC), and clock enable out (CEO) go to logic level zero on the Low-to-High clock (C) transition. The Q outputs
increment when the clock enable input (CE) is High during the Low-to-High clock transition. The counter ignores clock

transitions when CE is Low. The TC output is High when Q3 and QO are High and Q2 and Q1 are
Low.

The counter recovers from any of six possible illegal states and returns to a normal count sequence within two clock

cycles for FPGAs, as shown in the following state diagram. For XC9000, the counter resets to zero or recovers within
the first clock cycle.
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Larger counters are created by connecting the count enable out (CEO) output of the first stage to the CE input of the next
stage and connecting the R and clock inputs in parallel. CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period. The clock
period must be greater tha(t-_ o), wheren is the number of stages and the tixe - is the CE-to-TC propagation

delay of each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if
it does not.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

R CE C Q3 Q2 Q1 Q0 TC CE
@)

1 X 1 0 0 0 0 0 0

83 - libguide



Libraries Guide

0 1 1 Inc Inc Inc Inc TC CE
(@]
0 0 X No No No No TC 0
Chg Chg Chg Chg
0 1 X 1 0 0 1 1 1

TC = Q3Q2:Q1+QO
CEO =TGCE

Figure 4-35CD4RE Implementation XC3000, XC4000, XC5200, Spartans, Virtex
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Figure 4-36CD4RE Implementation XC9000
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CD4RLE

4-Bit Loadable Cascadable BCD Counter with Clock Enable and
Synchronous Reset

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Macro Macro Macro Macro Macro Macro Macro Macro
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CDA4RLE is a 4-bit (stage), synchronous, loadable, resettable, binary-coded-decimal (BCD) counter. The synchronous
reset input (R) is the highest priority input. When R is High, all other inputs are ignored; the Q outputs, terminal count
(TC), and clock enable out (CEO) go to logic level zero on the Low-to-High clock transitions. The data on the D inputs
is loaded into the counter when the load enable input (L) is High during the Low-to-High clock (C) transition. The Q
outputs increment when the clock enable input (CE) is High during the Low-to-High clock transition. The counter
ignores clock transitions when CE is Low. The TC output is High when Q3 and QO are High and Q2 and Q1 are

Low.

The counter recovers from any of six possible illegal states and returns to a normal count sequence within two clock
cycles for FPGAs, as shown in the following state diagram. For XC9000, the counter resets to zero or recovers within
the first clock cycle.
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A2355

Larger counters are created by connecting the count enable out (CEO) output of the first stage to the CE input of the next
stage and connecting the R, L, and C inputs in parallel. CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC propagation delays versus the clock period. The clock
period must be greater tha(t-_ o), wheren is the number of stages and the tixe - is the CE-to-TC propagation

delay of each stage. When cascading counters, use the CEO output if the counter uses the CE input; use the TC output if
it does not.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs
R L C D3- C Q3 Q2 Q1 Qo0 T C
E DO C E
@)
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1 X X X t+ O 0 0 0 0 0
0 1 X D3- t d3 dz2 di do T C
DO C E

(@]

0O O 1 X 1 Inc Inc Inc Inc T C
C E

(@]

0O 0 0 X X No No No No T 0

Chg Chg Chg Chg C

0O 0 1 X X 1 0 0 1 1 1

d = state of referenced input one setup time prior to active clock
transition

TC = Q3Q2:Q1+Q0

CEO=TGCE

Figure 4-37CD4RLE Implementation XC3000, XC4000, XC5200, Spartans, Virtex
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Figure 4-38CD4RLE Implementation XC9000
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CJACE, CJ5CE, CJ8CE

4-, 5-, 8-Bit Johnson Counters with Clock Enable and Asynchronous
Clear

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
Macro Macro Macro Macro Macro Macro Macro Macro
CJACE
Qo
a1
CE Q2
C Q3
_:} | =~
CLR | xa112
CJ5CE
Q0
Q1
Q2
CE Q3
C
c | | Q4
CLR | x4114
CJBCE |Qf7:0]
]
CE
C
—>
CLR | X4118
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CJ4CE, CJ5CE, and CJ8CE are clearable Johnson/shift counters. The asynchronous clear (CLR) input, when High,
overrides all other inputs and causes the data (Q) outputs to go to logic level zero, independent of clock (C) transitions.
The counter increments (shifts Q0 to Q1, Q1 to Q2,and so forth) when the clock enable input (CE) is High during the
Low-to-High clock transition. Clock transitions are ignored when CE is Low.

For CJ4CE, the Q3 output is inverted and fed back to input QO to provide continuous counting operation. For CJ5CE,
the Q4 output is inverted and fed back to input Q0. For CJ8CE, the Q7 output is inverted and fed back to input
Qo.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)

default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

CLR CE C Qo0 Q1 Q2 Q3

1 X X 0 0 0 0

0 0 X No No No No
Chg Chg Chg Chg

0 1 t q3 q0 ql q2

g = state of referenced output one setup time prior to active clock
transition

CJACE Truth Table

Inputs Outputs

CLR CE C Qo0 Q1 Q2 Q3 Q4
1 X X 0 0 0 0 0
0 0 X No No No No No

Chg Chg Chg Chg Chg

0 1 1 g4 qo ql q2 q3

g = state of referenced output one setup time prior to active clock
transition

CJ5CE Truth Table
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Inputs Outputs

CLR CE C QO Q1-Q7
1 X X 0 0

0 0 X No Chg No Chg
0 1 ! q7 q0-q6

g = state of referenced output one setup time prior to active clock
transition

CJBCE Truth Table

Figure 4-39CJ8CE Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex

of7:0]

Q7B

INV

CE

CLR

& X7789

CJ4RE, CJI5RE, CJ8RE
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4-, 5-, 8-Bit Johnson Counters with Clock Enable and Synchronous
Reset

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Macro Macro Macro Macro Macro Macro Macro Macro

CJ4RE
Qo

Q1
Q2
" Q3

¥
° |

Eu )

X413

CJ5SRE
Qo

Q1
Q2
Q3
" | Q4

° IR
m

X415

CJ8RE |Q[7:0]

0|0
m

R X4119

CJ4RE, CJ5RE, and CJ8RE are resettable Johnson/shift counters. The synchronous reset (R) input, when High,

overrides all other inputs and causes the data (Q) outputs to go to logic level zero during the Low-to-High clock (C)
transition. The counter increments (shifts Q0 to Q1, Q1 to Q2, and so forth) when the clock enable input (CE) is High
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during the Low-to-High clock transition. Clock transitions are ignored when CE is Low.

For CJ4RE, the Q3 output is inverted and fed back to input QO to provide continuous counting operation. For CJ5RE,
the Q4 output is inverted and fed back to input Q0. For CJ8RE, the Q7 output is inverted and fed back to input
Qo.

The counter is asynchronously cleared, output Low, when power is applied. For CPLDs, the power-on condition can be
simulated by applying a High-level pulse on the PRLD global net. FPGAs simulate power-on when global reset (GR) or
global set/reset (GSR) is active. GR for XC3000 is active-Low. GR for XC5200 and GSR (XC4000, Spartans, Virtex)
default to active-High but can be inverted by adding an inverter in front of the GR/GSR input of the STARTUP or
STARTUP_VIRTEX symbol.

Inputs Outputs

R CE C Qo0 Q1 Q2 Q3

1 X 1 0 0 0 0

0 0 X No No No No
Chg Chg Chg Chg

0 1 t q3 q0 ql q2

g = state of referenced output one setup time prior to active clock
transition

CJ4RE Truth Table

Inputs Outputs

R CE C Qo0 Q1 Q2 Q3 Q4
1 X 1 0 0 0 0 0
0 0 X No No No No No

Chg Chg Chg Chg Chg

0 1 1 g4 qo ql q2 q3

g = state of referenced output one setup time prior to active clock
transition

CJ5RE Truth Table

Inputs Outputs
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R CE C Qo0 Q1-Q7
1 X 1 0 0

0 0 X No Chg No Chg
0 1 t a7 q0- g6

g = state of referenced output one setup time prior to active clock
transition

CJBRE Truth Table

Figure 4-40CJ8RE Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex

Qf7:0]
DO Q7B
INV
Qb
P
P
' a1
®
P
' Q2
P
P
: Q3
™ gE ®
- *
| | L XT790

CK_DIV
Internal Multiple-Frequency Clock Divider
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XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A N/A N/A Primitive N/A N/A N/A N/A

CK_DIV |osc1

C 0sC2
[ B

@DIVIDE1_BY=
@DIVIDEZ BY=

X4970

CK_DIV divides a user-provided external clock signal with different divide factors on either or both of the outputs. Only
one CK_DIV may be used per design. The CK_DIV is not available if the OSC5 element is used.

The clock frequencies of the OSC1 and OSC2 outputs are determined by specifying the DIVIDELaute for

the OSC1 output and the DIVIDE2_BYattribute for the OSC2 output, and n are integer numbers by which the

clock input (C) is divided to produce the desired output clock frequency. The available valyesdfmare shown in

the following table.

Ny N2

4 2

16 8

64 32

256 128
1,024
4,096
16,384
65,536

CLB

CLB Configuration Symbol
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XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL

Primitive  N/A N/A N/A N/A N/A N/A N/A
CLB
A _
B |
c | | X
D
E_|
Di_|
EC | | Y
K_|
RD
X7560

The CLB symbol enables you to manually specify a CLB configuration. It allows you to enter portions of a logic design
directly in terms of the physical CLB, rather than schematically. Using the CLB symbol provides precise partitioning
control and requires knowledge of the CLB architecture. Use it in place of the equivalent captured logic and not in
conjunction with it.

A blank XC3000 CLB primitive symbol and its corresponding configured CLB primitive and circuit are shown in the
following figure.

Figure 4-41XC3000 CLB Primitive Example and Equivalent Circuit
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CLB symbol pins correspond to actual CLB pins. Signals connected to these pins in a schematic are connected to the
corresponding CLB pins in the design. You must specify the BASE, CONFIG, and EQUATE commands for the CLB. It
is not necessary for the translator program to parse the commands specifying the CLB configuration. The mapping
program from the LCA Xilinx netlist to the LCA design checks these commands for errors.

The configuration commands must be consistent with the connections. For example, if you use the A input in an
eqguation, connect a signal to the A pin. Refer to the applicable CAE tool interface user guide for more information on
specifying the CLB configuration commands in the schematic.

You can specify the location of a CLB on the device using the LOC attribute. When specifying the LOC attribute, a valid
CLB name (AA, AB, and so forth) must be used. Refer to"tlh®@C" section of the "Attributes, Constraints, and
Carry Logic" chapter for more information.

CLBMAP
Logic-Partitioning Control Symbol

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
Primitive  N/A N/A N/A N/A N/A N/A N/A
A CLBMAP

B |

cC_

b | X

E —

—] Y

Di —

EC

K |

RD

X4651

The CLBMAP symbol is used to control logic partitioning into XC3000 family CLBs. The CLBMAP symbol is not a
substitute for logic. It is used in addition to combinational gates, latches, and flip-flops for mapping
control.

At the schematic level, you can implement a portion of logic using gates, latches, and flip-flops and specify that the logic
be grouped into a single CLB by using the CLBMAP symbol. You must name the signals that are the inputs and outputs
of the CLB, then draw the signals to appropriate pins of the CLBMAP symbol, or name the CLBMAP signals and logic
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signals correspondingly. The symbol can have unconnected pins, but all signals on the logic group to be mapped must be
specified on a symbol pin.

CLBMAP primitives and equivalent circuits are shown for XC3000 families in the following

figure.

Figure 4-42XC3000 CLBMAP Primitive Example and Equivalent

(1) 1] mz
AOIM AD
j sMo [,  so
PAD l }
1BUF
L Uio
% BoiN ™. Bo U2 Urg
PAD L~ )—' s ™, 81
IBUF L/'
U6
é AN [ A1 Lt
S P
XOR? 13
Us —
o S S Da
PAD o ANDz
U4 Ui6 Ui
I 3 sz [, s
AND2 XOR3 OBUF
113
AND2
A0 A
Al B
Bo . % SUM1
B b
—E
™ SUM
—JEc ¥ 2
—k
—|ro
CLBMAP
Xh022

Use the MAPtypeparameter with the CLBMAP symbol to further define how much latitude you want to give the
mapping program. The following table shows MAP option characters and their meanings.

MAP Option Function
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Character

P Pins.

c Closedd Adding logic to or removing logic from
the CLB is not allowed.

L LockedO Locking CLB pins.

@) Opend Adding logic to or removing logic from the
CLB is allowed.

U Unlockedd No locking on CLB pins.

Possible types of MAP parameters for FMAP are: MAP=PUC, MAP=PLC, MAP=PLO, and MAP=PUOQO. The default

parameter is PUO. If one of the "open" parameters is used (PLO or PUQO), only the output signals must be

specified.

Note: Currently, only PUC and PUO are observed. PLC and PLO are translated into PUC and PUO,
respectively.

You can lock individual pins using the "P" (Pin lock) parameter on the CLBMAP pin in conjunction with the PUC
parameter. Refer to the appropriate CAE tool interface user guide for information on changing symbol parameters for
your schematic editor.

CLKDLL
Clock Delay Locked Loop

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

N/A N/A N/A N/A N/A N/A N/A Primitive
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CLKDLL
CLKIN CLKO
CLI{E> [ CLK90

) | CLK180
| cLk270
| CLK2X
| CLKDV
RST | LOCKED

X8678

CLKDLL is a clock delay locked loop used to minimize clock skew. CLKDLL synchronizes the clock signal at the feed
back clock input (CLKFB) to the clock signal at the input clock (CLKIN). The locked output (LOCKED) is high when

the two signals are in phase. The signals are considered to be in phase when their rising edges are within 250 ps of each
other.

The frequency of the clock signal at the CLKIN input must be in the range 30 - 120 MHz.

On-chip synchronization is achieved by connecting the CLKFB input to a point on the global clock network driven by a
BUFG, a global clock buffer. The BUFG input can only be connected to the CLKO or CLK2X output of CLKDLL. The
BUFG connected to the CLKFB input of the CLKDLL must be sourced from either the CLKO or CLK2X outputs of the
same CLKDLL. The CLKIN input should be connected to the output of an IBUFG, with the IBUFG input connected to a
pad driven by the system clock.

Off-chip synchronization is achieved by connecting the CLKFB input to the output of an IBUFG, with the IBUFG input
connected to a pad. Only the CLKO or CLK2X output can be used. The CLKO or CLK2X must be connected to the input
of OBUF, an output buffer.

The duty cycle of the CLKO output is 50-50 unless the DUTY_CYCLE_CORRECTION attribute is set to FALSE, in
which case the duty cycle is the same as that of the CLKIN input. The duty cycle of the phase shifted outputs (CLK9O0,
CLK180, and CLK270) is the same as that of the CLKO output. The duty cycle of the CLK2X and CLKDV outputs is
always 50-50. The frequency of the CLKDV output is determined by the value assigned to the CLKDV_DIVIDE
attribute.

The master reset input (RST) resets CLKDLL to its initial (power-on) state. The signal at the RST input is synchronized
to the clock signal at the CLKIN input. The reset becomes effective at the second Low-to-High transition of the clock
signal at the CLKIN input after assertion of the RST signal.

Table 4-1CLKDLL Outputs

Output Description

CLKO Clock at 1x CLKIN frequency

CLK90 Clock at 1x CLKIN frequency, shifted 8@vith regards to
CLKO
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CLK180 Clock at 1x CLKIN frequency, shifted 18@ith regards to
CLKO

CLK270 Clock at 1x CLKIN frequency, shifted 27@ith regards to
CLKO

CLK2X Clock at 2x CLKIN frequency

CLKDV Clock at (1/n)x CLKIN frequency, n=CLKDV_DIVIDE
value

LOCKED CLKDLL locked

CLKDLLHF

High Frequency Clock Delay Locked Loop

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex

E X XL
N/A N/A N/A N/A N/A N/A N/A Primitive
CLKDLLHF
CLKIN N CLKO
CLKFB N
CLK180
CLKDV
RST LOCKED
X8680

CLKDLLHF is a high frequency clock delay locked loop used to minimize clock skew. CLKDLLHF synchronizes the
clock signal at the feed back clock input (CLKFB) to the clock signal at the input clock (CLKIN). The locked output
(LOCKED) is high when the two signals are in phase. The signals are considered to be in phase when their rising edges
are within 250 ps of each other.

The frequency of the clock signal at the CLKIN input must be in the range 60 - 180 MHz.

On-chip synchronization is achieved by connecting the CLKFB input to a point on the global clock network driven by a
BUFG, a global clock buffer. The BUFG input can only be connected to the CLKO output of CLKDLLHF. The BUFG
connected to the CLKFB input of the CLKDLLHF must be sourced from the CLKO output of the same CLKDLLHF.
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The CLKIN input should be connected to the output of an IBUFG, with the IBUFG input connected to a pad driven by
the system clock.

Off-chip synchronization is achieved by connecting the CLKFB input to the output of an IBUFG, with the IBUFG input
connected to a pad. Only the CLKO output can be used. CLKO must be connected to the input of OBUF, an output
buffer.

The duty cycle of the CLKO output is 50-50 unless the DUTY_CYCLE_CORRECTION attribute is set to FALSE, in
which case the duty cycle is the same as that of the CLKIN input. The duty cycle of the phase shifted output (CLK180)
is the same as that of the CLKO output. The frequency of the CLKDV output is determined by the value assigned to the
CLKDV_DIVIDE attribute.

The master reset input (RST) resets CLKDLL to its initial (power-on) state. The signal at the RST input is synchronized
to the clock signal at the CLKIN input. The reset becomes effective at the second Low-to-High transition of the clock
signal at the CLKIN input after assertion of the RST signal.

Table 4-2CLKDLLHF Outputs

Output Description

CLKO Clock at 1x CLKIN frequency

CLK180 Clock at 1x CLKIN frequency, shifted 18ith regards to
CLKO

CLKDV Clock at (1/n)x CLKIN frequency, n=CLKDV_DIVIDE
value

LOCKED CLKDLL locked

COMP2, 4, 8, 16
2-, 4-, 8-, 16-Bit Identity Comparators

XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL

Macro Macro Macro Macro Macro Macro Macro Macro
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BO
B1
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X4122

AD
Al
A2
Al
BO
B1
B2
B3

COMP4

A[r:0]

B[7:0]

X426

COMP8

X4131

Libraries Guide
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A[15:0] | COMP16
|
EQ
B[15:0]
L
X4133

COMP2, COMP4, COMP8, and COMP16 are, respectively, 2-, 4-, 8-, and 16-bit identity comparators. The equal output
(EQ) of the COMP2 2-hit, identity comparator is High when the two words AQ and B1- BO are equal. EQ is high

for COMP4 when A3- A0 and B3~ BO are equal; for COMP8, when A7A0 and B7- BO are equal; and for

COMP16, when A15 A0 and B15- BO are equal.

Equality is determined by a bit comparison of the two words. When any two of the corresponding bits from each word
are not the same, the EQ output is Low.

Figure 4-43COMP8 Implementation XC3000, XC4000, XC5200, XC9000, Spartans, Virtex
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COMPM2, 4, 8, 16
2-, 4-, 8-, 16-Bit Magnitude Comparators
XC3000 XC4000 XC4000 XC5200 XC9000 Spartan Spartan Virtex
E X XL
Macro Macro Macro Macro Macro Macro Macro Macro
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a0 | COMPM2
A1 GT
BO_ LT
B1
X4123
ao | cCOMPM4
At |
A2 |
A3 | aT
BO | LT
B1_
B2
B3
X427
A[7:0] | COMPMS
.
ar
LT
B[7:0] —
|
X4132
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A[15:0] | COMPM16
|
GT
LT
B[15:0] —
L
X4134

COMPM2, COMPM4, COMPM8, and COMPML16 are, respectively, 2-, 4-, 8-, and 16-bit magnitude comparators that
compare two positive binary-weighted words.

COMPM2 compares A% A0 and B1- BO, where Al and B1 are the most significant bits. COMPM4 compares A3

A0 and B3- B0, where A3 and B3 are the most significant bits. COMPM8 comparesA®7and B7- BO, where A7

and B7 are the most significant bits. COMPM16 compares-AA8 and B15- BO, where A15 and B15 are the most
significant bits.

The greater-than output (GT) is High when A>B, and the less-than output (LT) is High when A<B. When the two words

are equal, both GT and LT are Low. Equality can be measured with this macro by comparing both outputs with a NOR
gate.

Inputs Outputs

Al Bl A0 BO GT LT
0 0 0 0 0 0
0 0 1 0 1 0
0 0 0 1 0 1
0 0 1 1 0 0
1 1 0 0 0 0
1 1 1 0 1 0
1 1 0 1 0 1
1 1 1 1 0 0
1 0 X X 1 0
0 1 X X 0 1

COMPM2 Truth Table
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Inputs Outputs

A3, B3 A2, B2 Al,B1 A0, BO GT LT
A3>B3 X X X 1 0
A3<B3 X X X 0 1
A3=B3 A2>B2 X X 1 0
A3=B3 A2<B2 X X 0 1
A3=B3 A2=B2 Al1>B1 X 1 0
A3=B3 A2=B2 Al<B1 X 0 1
A3=B3 A2=A2 Al1=B1 AO0>B0 1 0
A3=B3 A2=B2 Al1=B1 A0<BO 0 1
A3=B3 A2=B2 Al1=B1 AO0=B0 0 0
COMPM4 Truth Table

Inputs Outputs
A7, A6, A5, A4, A3, A2, Al, A0, GT LT
B7 B6 B5 B4 B3 B2 B1 BO

A7> X X X X X X X 1 0
B7

A7< X X X X X X X 0 1
B7

A7=  A6> X X X X X X 1 0
B7 B6

A7= A< X X X X X X 0 1
B7 B6

A7=  A6= A5> X X X X X 1 0
B7 B6 B5

A7=  A6= A< X X X X X 0 1
B7 B6 B5
A7=  A6= A5= A4d> X X X X 1 0
B7 B6 B5 B4
A7=  A6= A5= Ad< X X X X 0 1
B7 B6 B5 B4
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A7= A6=  A5= A4= A3> X X X 1 0
B7 B6 BS B4 B3

A7= A6=  A5= A4= A3 X X X 0 1
B7 B6 BS B4 B3

A7= A6=  A5= A4= A3= A2> X X 1 0
B7 B6 BS B4 B3 B2

A7= A6=  A5= A4= A3= A2< X X 0 1
B7 B6 BS B4 B3 B2

A7= A6=  A5= A4= A3= A2= Al> X 1 0
B7 B6 BS B4 B3 B2 Bl

A7= A6=  A5= A4= A3= A2= Al< X 0 1
B7 B6 BS B4 B3 B2 Bl

A7= A6=  A5= A4= A3= A2= Al= A0> 1 0
B7 B6 BS B4 B3 B2 Bl BO

A7= A6=  A5= A4= A3= A2= Al= AO0< 0 1
B7 B6 BS B4 B3 B2 Bl BO

A7= A6=  A5= A4= A3= A2= Al= A0= 0 0
B7 B6 BS B4 B3 B2 Bl BO

COMPMS8 Truth Table (also representative of COMPM16)

Figure 4-44COMPMS8 Implementation XC3000, XC4000, XC5200, Spartans, Virtex

112 - libguide



Libraries Guide

:'_L_:l [IFR - MR _:—\-\. .
BT | EHIEHI o :Jm—
ﬁ' i FLI]
r l-'-.'ﬂ | i —
e _'_“':,u‘" - —
e -
_EI." 1
Frerel
ST ] I T .y
_.im“" [LF) I_'_']E
RHITHTN o) ] |
= l:_:ﬁ-'r.i :—_. [} A
P L L - TR
o y—— o i
'y _H"I__';- Lam
LT
—" Y 1 1
= = - LHE
v rd.;. — p—
EHIEHI HI
Toyms [ e B T Tt

RN