I/O standards supported by Altera Stratix
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Note ta Table 4.1
(1) These performance values e dependent on device specd e, package type
(liprchip or vencbond) and location of /O (topy/bettom or lft/ right). e the

‘Suitching Characte

tcs chapter of the Stratix Device Handbook, Volume 1.




Explanation for some general purpose I/O standards
[image: image3.png]3.3-V Low Voltage Transistor-Transistor Logic (LVTTL) -
EIA/JEDEC Standard JESDS-B

‘The 3.3V LVTTL 1/0 standard is a general-purp
standard used for 3.3-V applications. The LVTTL
interface parameters for digital circuits operating from a 3.0-V or
poswer supply and driving or being driven by LVTTL-compatible devices

se, single-ended
andard defines the DC

‘The LVTTL input standard specifies a wider input v
05V <V 35 V. Altera allows an input voltage range
05V 41V, The LVTTI

voltages or board terminations

range of

andard does not require input reference

Stratix and Stratix GX devices support both input and output levels for
33V LVTTL operation
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3.3-VLVCMOS - EIA/JEDEC Standard JESD8-B

The 3.3V low voltage complementary metal oxick semiconductor
(LVCMOS) 1/0 standard is a general-purpose, single-ended standard
wsed for 3.3V applications. The LVCMOS standard defines the
interface parameters for digital circuits operating from a 3.0-V or 33V
power supply and driving or being driven by VCMOS-compatibl

‘The LVCMOS standand specifies the same input voltage requirements as
LVTTL (-0.5V <y <38 V). The output buffer drives to the rail to meet
the minimunm highlevel output voltage requirements. The 33-V 1/0

standard does not require input reference voltages or board terminatiorns.

Stratix and Stratix GX devices support both input and output levels for
3.3V LVOMOS operation

2.5-V LVTTL Normal Voltage Range - EIA/JEDEC Standard
EIA/JESD8-5

The 25V 1/0 standard s used for 2.5-V LVTTL applications. This
standard defines the DC interface p.

ameters for high

voltage, nor-terminates digital cireuits riving or being driven by other
25V devices. The input and output voltage ranges are

B The 25V normal range input standards specify an input voltage
range 0f 03V V230V

B The normal range minimum high-level output voltage requirement
(Vow)is 2.1V

Stratix and Stratix GX deviees
25-VLVTTL operation,

upport both input and output levels for

2.5-V LVCMOS Normal Voltage Range - EIA/JEDEC Standard
EIA/JESD8-5

The 2.5V 1/0 standard is used |
standard defines the DC interface p.

VOMOS applications. This
ameters for high-speed, low-
o being driven by other

voltage, non-terminated digital ciruits driving
25V parts. The input and output voliage range

" The
range of - 05V =V; 230 V

V normal range input standards specify an input voltage

B Thenormal range minimum Vog requirement s 2.1V
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Stratix and Stratix GX devices support both input and output levels for

25V LVCMOS operation.

1.8-V LVTTL Normal Voltage Range - EIA/JEDEC Standard
EIA/JESDS-7

The L8V 1/0 standard is used for 18-V LVTTL applications. This
standard defines the DC interface parameters for high-specd, lov-
voltage, nor-terminates digital cireuits driving or being driven by other
18-V parts. The input and cutput voltage ranges are:

B The 18 normal range input standlan
range of 05V <V
B The normal range minimum Vog requirement is Vecio ~ 0.45 V.

pecify an input voltage

Stratix and Stratix GX device
LSV LVTTL operation.

support both input and output levels for

1.8-V LVCH0S Normal Voltage Range - EIAJEDEC Standard
EIA/JESDS-7

The LE-V 1/0 standard is used for 15-V [VCMOS applications. This
standard defines the DC interface parameters for high-specd, lor-
voltage, nor-terminates digital cireuits driving or being driven by other
18-V devices. The input and output voltage ranges are

B The 18 normal range input standlan
range of - 05V <V, <25
B The normal range minimum Vog requirement is Vecio -~ 0.45 V.

pecify an input voltage

Stratix and Stratix GX devices support both input and output levels for
LSV LVOMOS operation

1.5-V LVCWOS Normal Voltage Range - EIAJEDEC Standard
JESDS-11

The 15V 1/0 standard is used for 15
defines the DC interface parameters for high-speed, lov-voltage, non-
terminated digital circuits driving or being driven by other 1.5-V devices
‘The input and output voltage ranges are

applications. This standard

B The 15V normal range input standan
range 12201
B The normal range minimum Vor requirement is 105V

pecify an input voltage
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Stratix and Stratix GX devices support both input and output evels for

15-V LVCMOS operation

1.5-V HSTL Class | & Il - EIAJEDEC Standard EIA/JESDS-6

‘The high-speed transceiver logic (HSTL) 1/0standand is used for
applications designed to operate in the 0.0-to 13-V HSTL logic switching
range. This standlard defines single ended inputand output specifications
forall HSTL-compliant digital integrated circuits. The single ended input
standlard specifies an input voltags range of =03 V ¥y <Veqo + 021
Stratix and Stratix GX devices support both input and outputlevels
specified by the 15-V HSTL 1/0 standard. The input clock is
implemented using dedicated differential inputbuffers. T single-
ended output buffers are automatically programmed to have oppesite
polarity o as to implement a differential cutput lock. Additionally, the
15-V HSTL 1/Ostandard in Stratix and Stratix GX devices is compatible
with the 18-V HSTL1/O stanclard in APEX™ 20KE andl APEX 20KC

devices because the input and output voltage thresholds are compatible
See Figures -1 and 4-2. Stratix and Stratix GX devices support both
input and output levels with Vg and Vo
Figure 4-1. HSTL Class | Terminalion
Vi=azsv
Outpt Bt
DO putautr
Vigr =075 V——]
Figure 4-2. HSTL Class I Terminaion
V=075 Vip=07sv
Ouput Buter
DO iputautr

Vaer =075V——]
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1.5-V Differential HSTL - EIA/JEDEC Standard EIA/JESDS-6

‘The differential HSTL 1/0 standard is used for applications designe t
operate in the 0.0-to 13-V HSTL logic switching range such as quad data
rate (QDR) memory clock interfaces. The differential HSTL sp
the same as the single ended HSTL specification. The standard specifies
aninput voltage range of ~0.3V <V <Vegio + 0.3 V. Differential HSTI
does not require an input reference voltage, however, it decs require a
5002 resistor termination resistor to Vrr at the input buffer (sce

Figure 4-3).Stratix andl Stratix GX devices suppert both input and output
clock levels for 13-V differential HSTL. The input clock is implemented
using dedicated differential input buffer. Twvo single-ended output
buffers are automatically programmed to have opposite polarity
implement a differential output clock.

ecification

o

Figure 4-3. 1.5-V Differential HSTL Class I Termination

i waE  weg
[z 1
(5





Drive Strength

[image: image8.png]Eachl/Ostandard supporte

a minimum drive strength. When an 1/0 is configu

by Stratixand Stratix GX devices drives out

Las LVTTL or

LVCMOS 1/0 standards, you can specify the curtent drive strength, as

summarized in Table 1

Standard Current Drive Strength

Fach1/0 standard supported by Stratix and Stratix GX devices drives out

a minimum drive strength. Table 4-6 summarizes the minimum drive

strength of each 1/0 standard

Table 4-6. Minimum Current Drive Strength of Each 10 Standard

1/0 Standard

Current Strength, lo/los (mA)

GIL 4001
G- EXt
SSTL3 Class | 8

SSTL3 Class |

SSTL2Class |

SSTL2 Class 1|

SSTL18 Class |

SSTL18 Class I

1.5V HSTL Class |

15V HSTL Class I

cTT

GP 1X

Note to Table 4-6

(1) Since this 1/O standard tses an open drain bufer, this value refers o 1oy
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Programmable Current Drive Strength

“The Stratix and Stratix GX device 1/0 pins support various output
curtent drive settings as shown in Table 4-7. These programmable drive
strength settings help decrease the effects of simultaneously switching

outputs (550 in conjunction with reducing system noise. The supported
settings ensure that the device driver meets the loy and lo specifications

for the corresponding 1/0 standard

Table 4-7. Programmable Drive Strength

1/0 Standard o4/ lo, Curtent Strength Setting (mA)
T3V VT 24(1), 16,12, 8,4
33V LVGMOS 24(2),12(1).8,4.2
25V VTTLLVCNOS 16(1).12,8.2
75V VTTLLVCHOS 12(1).8.2
75V VMOS 501,42

Notes to Table 4-7:
(1) This is the Quartus I software defaul current seting,
@) 1/Obanks1,2,5, and 6 do not support this seting.

These drive-strensth settings are programmable on a per-pin basis (for
outputand bidirectional pins only) using the Quartus Il softwvare. To

modify the current strength ofa particular pin, see “Programmable Drive
Strength Settings” on page 4-40.





Altera Stratix II

Below is the I/O standards supported by Stratix II. For general purpose I/O standards, refer to Stratix on the above.

[image: image10.png]Table 4-1. 10 Standard Appiications
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T Goneral purposs
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Table 4-2. 10 Standard Performance Target Notes (1), 2), (5)
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I/O Standards and voltage level
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Table 4-5. Statix 110 Staniards & Voltage Levels (Part2of 2) Note (1)
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Xilinx Virtex II

I/O Standards, see Altera Stratix on the above for general purpose standards LVTTL and LVCMOS

[image: image14.png]Virtex-ll Features
This section briefly describes Virtex-Il features.

Input/Output Blocks (I0Bs)

10Bs are programmable and can be categorized as follows:

« Input block with an optional single-data-rate or
double-data-rate (DDR) register

« Output block with an optional single-data-rate or DDR
register, and an optional 3-state buffer, to be driven
directly or through a single or DDR register

«  Bidirectional block (any combination of input and output
configurations)

These registers are either edge-triggered D-type flip-flops
or level-sensitive latches.

10Bs support the following single-ended 1/0 standards:
+ LVTTL, LVCMOS (3.3, 2.5V, 1.8V, and 1.5V)

+ PCI-X compatible (133 MHz and 66 MHz) at 3.3V
+ PCl compliant (68 MHz and 33 MHz) at 3.3V

+ CardBus compliant (33 MHz) at 3.3V

+ GTLand GTLP




[image: image15.png]FXILINX®

* HSTL (Class I, Il Ill, and IV)
+ SSTL(3.3Vand 2.5V, Class | and Il)
*  AGP-2X

The digitally controlled impedance (DCI) I/O feature auto-
matically provides on-chip termination for each /O element.

The IOB elements also support the following differential sig-
naling l/0 standards:

- LVDS
« BLVDS (BusLVDS)
.+ ULVDS

. T

.+ LVPECL

Two adjacent pads are used for each differential pair. Two or
four I0B blocks connect to one switch matrix to access the
routing resources.




Voltage level

[image: image16.png]Table 1: Supported Single-Ended l/O Standards

Board
IOSTANDARD | Output | Input | Input | Termination
Attribute | Veeo | Veco Voltage (V7)
LVTTL 33 NR
LVCMOS33 23 33 NR
LVCNIC 25 25 NR
LVCMOS18 18 18 NR
LVCMOS15 15 15 NR
PCIa3_3 23 33 NR
PCIG6 3 23 33 NR
POIX 23 33 NR
GTL Note (1) | Note (1) | 0.8 12
GTLP Note (1) | Note (1) | 1.0
HSTL I NR | 075
HSTL I NR | 075
HSTL Il NR | og
HSTL_IV NR 15
HSTL 1 18 18 NR 09
HSTL 1118 18 NR | os 09
HSTLIII_18 18 NR 11 18
HSTL_IV_18 18 NR [ 14 8
SSTL1BI@ 18 NR | og 09
8 NR | os 09
25 NR 125
25 NR | 12
NR
NR 15
AGP-2X/AGP NR | 13z NR
Notes:
1 termination
It the pin High

3 NR=no

qu

ent.





[image: image17.png]Table 2: Supported Differential Signal I/O Standards

output | Input [ put [ output

Vo standard | Veco | Veco | Veer Voo
VFECL 33 53| WARM | NA | 04901220
07 25 55 | WA | NA | 050-0700
VDS 33 53 | WA | NA | 0250-0400
VDS 25 55 | WA | NA_| 0250-0400
[VDSEXT 53 53 | WA | NA | 0440-0820
[VDSEXT 25 55 | WA | NA | 0440-0820
BLVDS 25 55 | WA | NA | 0250-0450
ULVDS 25 55 | WA | NA | 080-0700
Notes:

1. N = no requirement.

Table 3: Supported DCI /O Standards.

o Output | Input | Input | Termination
Standard Veco | Veco | Veer Type
VDGl &30 53| a3 | NA®
VDGl bvz 33" 53 | a3 | NA
LvDCl 2501 25 | 25 | NR
LVDCI Dv2 251 25 | 25 | NR
VDGl 181 78 | 18 | WA
LVDCI Dvz 18" 18 | 18 | NR
LVDCI 1511 15 | 15 | NR
VDGl bvz 15 75 | 15 | WA
GTL ool 12 | 12 | o8 Single
GTLP_DCI 15 | 15 Single
HSTL | OCI 75 | 15 Spit
HSTL Il D01 5 | 15 Spit
HSTL Il DG 15 | 15 | o9 Single
HSTL IV DGl 75 | 15 | 09 Single
HSTL 1 OCI 18 78 | 18 | o9 Spit
HSTL Il DG 18 18 | 18 | o9 Spit
HSTL 1 0C1 18 T8 | 18 | 14 Single
HSTL IV_DCI 18 T8 | 18 [ 14 Single
TL18 1 D01 18 | 18 | o9 Spit
SSTL18 Il DG 75 | 18 | o9 Spit
SSTL2 1 001 55 | 25 | 125 Spit
SSTL2 11 DCI@ 25 | 25 | 125 Spit
TS | Dol 53 | as | 1% Spit
SSTL3 11 D@ 53 | as | 1% Spit
LVDS 25 0Cl 25 | 25 | NR Spit
LVDSEXT 25 0CI 55 | 25 | NR Spit

Notes:

1. LVDCI_XX and LVDCI_DV2_XX are LVCMOS controlled
impedance buifers, maiching the reference resistors or half of
the reference resistors.

2. These are SSTL compatible.

3. SSTL18 | is not a JEDEC-supported standard.

4. N = no requirement.





[image: image18.png]Table 5: Summary of Voltage Supply Requirements for

All Input and Output Standards

Table 5: Summary of Voltage Supply Requirements for
Al Input and Output Standards (Continued)

Vegr | Termination Type Vggr | Termination Type

10 Standard input | Output | nput Input | Output | Input
VDS 33 WA | NR WA 11 | NR NR
LVDSEXT 33 NR | NR WA 11 | NR NR
LVPECL 33 NR | NR WA os | nm NR
15 | NR WA os | nm NR

15 | nR WA os | nm NR

132 | NA WA os | nm NR

NR | NR WA nR | NR NR

NR WA NR NR

NR WA LVDCI DV2 18 NA NR

NA WA HSTL Il DCI 18 11 | NR | snge

as | NR WA HSTL IV_DCI 18 11 | singe | snge

NR | NR WA HSTL 1 DCI 18 0s | nR Spit

NR | R WA HSTL 1l DCI 18 03 | soit Spit

15 | NR Spit os | nm Spit

15 it SSTL18 11.DCI 05 | spit Spit

LVDS 25 NR | NR WA os | nNR NR
LVDSEXT 25 NR | NR WA os | nm NR
LDT 25 NR | NR WA EIEE NR
ULVDS 25 NR | NR WA EIEE NR
BLVDS 25 NR | NR WA nR | NR NR
SSTL2 | 125 | NA WA NR NR
ssTzn 125 | NA WA LVDCI DV2 15 NA NR
LVCMOS25 NR WA o[t | snee | snge
LvDCI 25 NR WA os | nR | singe
LVDCI DV2 25 NR WA 03 | single | single
LVDS 25 DI NR split 07 [ NR Spit
LVDSEXT 26 0 wr | R spit 075 | spit Spit
08 | Single | Sigle

SSTL2 1 DGl 125 | NA T o Y
125 plit oo T R P
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Figure 5: LVTTL, LVCMOS or PCI Selectl/O-Ultra

Standards

Input/Output Individual Options

Each device pad has optional pull-up and pull-down in all
Selectl/O-Ultra_configurations. Each device pad  has
optional weak-keeper in LVTTL, LVCMOS, and PCI
Selectl/O-Ultra configurations, as illustrated in Figure 5.
Values of the optional pull-up and pull-down resistors are in
the range 10 - 60 K, which is the specification for Veeo
when operating at 3.3V (from 3.0 to 3.6V only). The clamp
diode is always present, even when power is not

The optional weak-keeper circuit is connected to each user
/O pad. When selected, the circuit monitors the voltage on
the pad and weakly drives the pin High or Low. If the pin is
connected to a multiple-source signal, the weak-keeper
holds the signal in its last state if al drivers are disabled
Maintaining a valid logic level in this way eliminates bus
chatter. An enabled pull-up or pull-down overiides the
weak-keeper circuit

LVTTL sinks and sources current up to 24 mA. The current
is programmable for LVTTL and LVCMOS Select!/O-Ultra
standards (see Table 4). Drive-strength and slew-rate con-
trols for each output driver, minimize bus transients. For
LVDCI and LVDCI_DV2 standards, drive strength and
slew-rate controls are not available.




Drive Current

[image: image20.png]Table 4: LVTTL and LVCMOS Programmable Currents (Sink and Source)

Selectl/0-Ultra Programmable Current (Worst-Case Guaranteed Minimum)

LVTTL 2 mA 4 mA 6 mA 8mA 12 mA 16 mA 24 mA
LVCMOS33 2mA 4 mA 6mA 8mA 12 mA 16 mA 24 mA
LVCMOS25 2mA 4 mA 6mA 8mA 12mA 16 mA 24 mA
LVCMOS18 2mA 4 mA 6mA 8mA 12 mA 16 mA n/a
LVCMOS15 2mA 4 mA 6mA 8mA 12 mA 16 mA n/a





[image: image21.png]Input Path

The VirtexcIl 10B input path routes input signals directly to
internal logic and / or through an optional input flip-flop or
latch, or through the DDR input registers. An optional delay
element at the D-input of the storage element eliminates
pad-to-pad hold time. The delay is matched to the intemal
clock-distribution delay of the Virtex-ll device, and when
used, assures that the packto-pad hold time is zero

Each input buffer can be configured to conform to any of the
low-voltage signaling standards supported. In some of
these standards the input buffer utiizes a user-supplied
threshold voltage, Vig. The need to supply Vggr imposes
constraints on which standards can be used in the same
bank. See /O banking description

Output Path

The output path includes a 3-state output buffer that drives
the output signal onto the pad. The output and / or the
3-state signal can be routed to the buffer directly from the
internal logic or through an output / 3-state flip-flop or latch
or through the DDR output / 3-state registers.

Each output driver can be individually programmed for a
wide range of low-voltage signaling standards. In most sig-
naling standards, the output High voltage depends on an
externally supplied Vcco voltage. The need to supply Veco
imposes constraints on which standards can be used in the
same bank. See /0 banking description.




Xilinx Spartan 3

[image: image22.png]Input/Output Blocks (I0OBs)

10B Overview

The Input/Output Block (10B) provides a programmable,
unidirectional or bidirectional interface between a package
pin and the FPGA's internal logic. The 108 is similar to that
of the Spartan-3 family with the following differences:

+ Inputonly blocks are added
+ Programmable input delays are added to all blocks
+ DDR fiip-flops can be shared between adjacent I0Bs

The unidirectional input-only block has a subset of the full
10B capabilties. Thus there are no connections or logic for
an output path. The following paragraphs assume that any
reference to output functionality does not apply to the
input-only blocks. The number of input-anly blocks varies
with device size, butis never more than 25% of the total 0B
count.

Figure 1, page 2is a simplfied diagram of the 10B's internal
structure. There are three main signal paths within the 10B;
the output path, input path, and 3-state path. Each path has
its own pair of storage elements that can act as either regis-
ters or latches. For more information, see Storage Element
Functions. The three main signal paths are as follows
+ Theinput path carries data from the pad, which is
bonded to a package pin, through an optional
programmable delay element directly to the | line. After




[image: image23.png]the delay element, there are alternate routes through a
pair of storage elements to the 1Q1 and 1Q2 lines. The
10B outputs I, 101, and 102 lead to the FPGA's intemal
logic. The delay element can be set to ensure a hold
time of zero (see Input Delay Functions)

The output path, starting with the O1 and O2 lines,
carries data from the FPGA's intemal logic through a
multiplexer and then a three-state driver to the I0B
pad. In addition to this direct path, the multiplexer
provides the option to insert a pair of storage elements.
The 3-state path determines when the output driver is
high impedance. The T1 and T2 lines carry data from
the FPGA's internal logic through a multipiexer to the
output driver. In addition to this direct path, the
multiplexer provides the option to insert a pair of
storage elements.

Al signal paths entering the 10B, including those
associated with the storage elements, have an inverter
option. Any inverter placed on these paths is
automatically absorbed into the 10B.
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Each I0B has a programmable delay block that can delay
the input signal from 0 to nominally 4000 ps. In Figure 2, the
signal i first delayed by either 0 or 2000 ps (nominal) and is
then applied to an 8 tap delay line. This delay line has a
nominal value of 250 ps per tap. All 8 taps are available via
a multiplexer for use as an asynchronous input directly into
the FPGA fabric. In this way, the delay is programmable
from 0 to 4000 ps in 250 ps steps. Four of the 8 taps are
also available via a multiplexer to the D inputs of the syn-
chronous storage elements. The delay inserted in the path
o the storage element can be varied from 0 to 4000 ps in
ps steps. The first, coarse delay element is common to
both asynchronous and synchronous paths, and must be
either used or not used for both paths.

The delay values are set up in the silicon once at configura-
tion time—they are non-modifiable in device operation

The primary use for the input delay element is as an ade-
quate delay to ensure that there is no hold time requirement
when using the input flip-fop(s) with a global clock. The
necessary value for this function is chosen by the Xilinx soft-
ware tools and depends on device size. If the design is
using a DCM in the clock path, then the delay element can
be safely set to zero in the user's design, and there is stil no
hold time requirement,

Both asynchronous and synchronous values can be modi-
fied by the user, which is useful where extra delay is
required on clack or data inputs, for example, in interfaces to
various types of RAM

See Module 3 of the Spartan-3E data sheet for exact values
for the delay elements.

Synehronous input (1Q1)
D

el

Synehonaus input (102)

AsYnenTonous Input 1) cssrzz 1o czz0s

Figure 2: Input Delay Elements
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Each VO has an optional keeper circuit (see Figure 9) that
keeps bus lines from floating when not being actively
driven. The KEEPER circuit retains the last logic level on a
line after all drivers have been tumed off. Apply the
KEEPER attribute or use the KEEPER library primitive to
use the KEEPER circuitry. Pull-up and pull-down resistors
override the KEEPER settings

£ Weak Pul-up

Ouputpain [
input Pt <JH

Keeper L
£ Weak Pulkdown

Figure 9: Keeper Circuit
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There are three pairs of storage elements in each 10B, one
pair for each of the three paths. It is possible to configure
each of these storage elements as an edge-friggered
D-type flip-flop (FD) or a level-sensitive latch (LD).

The storage-element pair on either the Output path or the
Three-State path can be used together with a special multi-
plexer to produce Double-Data-Rate (DDR) transmission.

Table 1: Storage Element Signal Description

This is accomplished by taking data synchronized to the
clock signal’s rising edge and converting it to bits syn-
chranized on both the rising and the falling edge. The com-
bination of two registers and a multiplexer is refermed to as a
Double-Data-Rate D-type flip-flop (ODDR2).

Table 1 describes the signal paths associated with the stor-
age element.

Storage
Element
Signal Description Function

D Data input Data at this input is stored on the active sdge of CK and enabled by CE. For latch
operation when the input is enabled, data passes directly to the output Q.

Q Data output The data on this output reflects the state of the storage element. For operation as alatch
in transparent mode, Q mirrors the data at D.

cK Clock input Data is Ioaded into the storage element on this input's active edge with CE asserted

CE Clock Enable input | When asserted, this input enables CK. If not connected, CE defaults to the asserted
state.

SR SetResetinput This input forces the storage element into the state specified by the SRHIGH/SRLOW
attributes. The SYNC/ASYNC attribute setting determines if the SR input is
synchronized to the clock or not. If both SR and REV are active at the same time, the
storage element gets a value of 0

REV Reverse input This input s used together with SR. It forces the storage element into the state opposite
from what SR does. The SYNC/ASYNC attribute setting determines whether the REV
inputis synchronized to the clock or not. If both SR and REV are active at the same time.
the storage element gets a value of 0.

As shown in Figure 1, the upper registers in both the output
and three-state paths share a common clack. The OTCLK1
clock signal drives the CK clock inputs of the upper registers
on the output and three-state paths. Similarly, OTCLK2
drives the CK inputs for the lower registers on the output
and three-state paths. The upper and lower registers on the
input path have independent clock lines: ICLKT and ICLK2.

The OCE enable line controls the CE inputs of the upper
and lower registers on the output path. Similarly, TCE con-

trols the CE inputs for the register pair on the three-state
path and ICE does the same for the register pair on the
input path

The SetReset (SR) line entering the 10B contrals all six
registers, as is the Reverse (REV) line.

In addition o the signal polarity controls described in 0B

Overview, each storage element additionally supports the
controls described in Table 2.
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