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IQX Family Data Sheet

Features

* SRAM-based, in-system programmable
¢ Switch Matrix
- Non-Blocking
- Identical and predictable delays
- One-to-one, one-to-many and many-to-
one connections
e 1/0O Ports
- Individually programmable as
input, output or bidirectional
- For each [/0 Port, clock, clock enable,
input enable and output enable can be
selected independently from a large pool
of common control signals
- 16 mA current drive
- Separated I/O power pins for easy
interfacing between 5V and 3V signals
* Clocked, Latched and Flow-through
Dataflow Modes
- Asfast as 6 ns port-to-port delay in flow-
through mode and 150 MHz clock rate in
registered mode
¢ RapidConfigure™ parallel interface for fast,
incremental configuration of Switch Matrix
and 1/0 Port attributes
* 100% JTAG compliant
¢ Pin compatible with the IQ family devices

Description

The IQX family of SRAM-based bit-oriented
switching devices is manufactured using a 0.6um
CMOS process. These devices offer clock speed of
up to 150 MHz and fastest pin-to-pin delay of 6 ns.

The IQX devices are used in applications requiring
dynamic switching and flexible routing /intercon-
nection of signals. These applications include com-
munication switches, network systems, image
processing engines, file/video servers, testers and
emulators.

At the heart of IQX devices is a non-blocking
Switch Matrix. A line in the Switch Matrix can be
connected to one or more other lines. The Switch
Matrix lines are connected to I/O Ports with pro-
grammable functional attributes.

The RapidConfigure parallel interface allows con-
nections in the Switch Matrix to be changed quick-
ly and incrementally. This interface can also be
used to configure I/O Port attributes individually
and incrementally. In either case, data integrity is
maintained on all unchanged signal paths through
the device.

The IQX devices support the industry standard
JTAG (IEEE 1149.1) interface for boundary scan
testing. The same interface is also used for serially
downloading the configuration bit stream into the
devices.
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Figure 1: IQX Functional Block Diagram
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Architecture

1QX devices are SRAM-based bit-oriented switching matrices. The devices can be
configured and controlled in-system by storing appropriate data into the internal
SRAM cells and configuration registers. As shown in Figure 1, the main functional
blocks of the device are the non-blocking Switch Matrix, Programmable 1/O Ports,
[/O Control signal block, RapidConfigure Configuration Interface and a JTAG-
based Configuration Controller.

The full-featured programmable [ /O Ports are connected to the corresponding lines
in the Switch Matrix. The [/O Port control signals such as clock, clock enable, input
enable, and output enable are used to control the flow of data through the I/O Ports.

The JTAG-based configuration controller is used to download the configuration bit
stream serially into the I/O Port configuration registers and Switch Matrix SRAM
cells, thereby establishing the desired functional attributes for the I/O Ports and
connections among them through the Switch Matrix. Alternatively, the RapidCon-
figure parallel interface may be used to load the configuration data in the [/O Port
Configuration Registers and Switch Matrix SRAM cells. The use of RapidConfigure
interface enables quick configuration changes.

Non-blocking Switch Matrix

The Switch Matrix is an x-y routing structure (or grid). Each horizontal signal trace
is hardwired to a corresponding vertical signal trace as shown by the junction dots in
Figure 2. An I/O Port pin connects to this horizontal-vertical trace pair through a
programmable buffer. Signal paths through the Switch Matrix are very well bal-
anced, resulting in predictable and uniform pin-to-pin delays.

Pass —-
Transistors T

SRAM .-
Cells

Permanent —=-
Connections

Signal ~-—
Lines

; Programmable 10 Buffers

;aaaxiaa

110 Port Pins

Figure 2: Switch Matrix Structure

1-Cube, Inc.
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A pass transistor whose ON/OFF state is controlled by a dedicated SRAM cell is
placed at the intersection of two different signal lines. Signal multicasting/broad-
casting operation is supported by allowing a Switch Matrix line carrying an incom-
ing signal to be connected to multiple Switch Matrix lines carrying outgoing signals.
Signal multiplexing is supported by allowing multiple Switch Matrix lines carrying
incoming signals (controlled using input enable signals) to be connected to the same
Switch Matrix line carrying an outgoing signal. It is also possible to create a common
internal node among multiple Switch Matrix lines by making all pair-wise connec-
tions among these signal lines, and driving such a node by configuring the corre-
sponding 1/0O Ports in the Bus Repeater mode. Refer to the section on “"I/O Port
Functional Modes” for more details.

Switch Control

As shown in Figure 3, there are two possible switch and SRAM cell locations for a
connection between any two Switch Matrix lines. For example, the two possible
switch (and SRAM cell) locations controlling a connection between signal lines i and
j are row i (word 1) and column j (bit j), or row jand column i. Only one location is
populated with a switch and the controlling SRAM cell. This location is called the
real location while the other one is referred to as the ghost location. The real cell loca-
tions form a unique pattern on the device die as described in Appendix A. The sec-
tion on “RapidConfigure Interface” explains how this knowledge can be used to
reduce the time it takes to change Switch Matrix connections.
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RA, [ § - L 4 — : |
a {. 1)
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. 5 ! 2
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Address . ) i
< L o
3 (Lh o)
> - =
=] i
* J
rA.; IR ]
1/O Port Buffers
H N ||
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Figure 3: Switch Matrix Control
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Programmable I/O Port

Each signal line in the Switch Matrix is connected to a programmable 1/0 Port. The
functional attributes of individual 1/O Ports can be programmed independently.
The I/O Port attributes include its signal direction (in, out or bidirectional), data
flow mode (flow-through, registered or latched), and pull-up current. Figure 4
shows the structure of the programmable [/0 Port. The sources for the four control
signals: clock (CLK), clock enable (CKE), input enable(IE), and output enable (OF)
are also programmable and are described later in the section on /O Control Signals.

— IE
ey &
Srm | e
. NC o = NG -
4 NB . Switch

PR ]
170 Port i} A R - . Matrix
. L ! m N .

CLK l -
CKE

Figure 4: Programmable I/O Port
Programmable Pull-up Current

As shown in Figure 5, the I/O Port contains several n-channel pull-up devices. The
normal pull-up current is supplied by a device which is switched on/off by internal-
ly generated control signal. An additional static pull-up current (Ipy_wg) or Upy.se)
can be programmed at each I/O Port pin. This additional pull-up current is prima-
rily used for but not restricted to the Bus Repeater (BR) mode.

T Vpp-PAD
' o |
PU -~ Do
s el
¢ O L
; A) Pull Down
P p—
PR -{__ A B)Normal Pull Up
j C)Additional Weak Pullup

' D)Additional Strong Putiup
~
Figure 5: IQX Output Driver and Pull-Up Current
Pin and Array side Trickle Current

N-channel devices are used as a trickle current source (nominally 10pA) on the pin
side and array side for each 1/O Port. Upon reset, these current sources are turned
ON. They can be turned OFF by configuring the [/O Port.

FCube, Inc.
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1/0 Port Functional Modes

Table 1 describes the various modes of the I/O Port and the specification used by the
I-Cube Development System Software for proper bit stream generation.

Legend:
Ax - Switch Matrix Signal
Px - 1/0 Port Signal
IE-  Input Enable
OE- Output Enable
CLK - Clock
CKE - Clock Enable

Table1: Summary of Programmable I/O Attributes for IQX Devices

Symbol I/O Port Function ] Mnemonic

Py Ax fnput - The external signal is buffered from the I/O Port pin to the cor- IN
T D T responding Switch Matrix fine. In this mode an optional input enable

; (IE) can be selected. Either polarity can be selected for IE. The default
13 tevel is a logic 1. ‘

Registered Input (with variable iength shift register and inversion) - RI&
IE The external signal at the IO Port pin is registered into a 7-bit edge- | [bit = value]8.
’ b a l> Ax triggered shift register within the /O Port. An 8-to-1 mux selects either} [INV = value}
1 the input (bit 0) or one of the 7 output bits of the shitt register and con-
nects it to the corresponding signal line in the Switch Matrix through a
register. Any tap on the shift register can be selected. The true or com-
Px +0] T plement of the incoming signal can be selected. The default is bit 0,
itrue value. A clock source is required in this mode. Either edge of CLK
. ican be selected. The default for CLK is rising edge. A clock enable
. LCEJ (CKE) and input enable (IE) are also available but not required. Either
polarity can be selected for IE and CKE. The default level for IE and
CKE is a logic 1. The outputs of the shift register are unknown after
hardware reset (TRST* = 0).

Latched Input - The external signal at the /O Port pin is latched by a ]
AX ‘level-sensitive flip-flop within the /O Port. A latch enable source is
<{> required in this mode. The latch enable source is composed of CLK
GLK E and CKE, and at least one must be specified. An input enable (IE) is
D LE also available but not required. Either polarity can be selected for CLK,
CKE and IE. The default level for all three is a logic 1. The output of
the flip-flop is unknown after hardware reset (TRST* = 0)

Qutput - The internal signal is buffered from the corresponding Switch ! oP

Ax L %h L Px Matrix line to the 1/0 Port pin. In this mode an optional output enable
(OE) can be selected. Either polarity can be selected for OE. The

default level is a fogic 0. :

Latched Output- The internal signal on the Switch Matrix line is ; LO
latched by a level-sensitive flip-flop within the /O Port. A latch enable i
source is required in this mode. The latch enable source is composed |
of CLK and CKE, and at least one must be specified. An output enable}
(OF) s also available but not required. Either polarity can be selected;
for CLK and CKE. The default level for both is a logic 1. Either polarity |
|can be selected for OE. The default level is a logic 0. The output of the; !
iflip#lop is unknown after hardware reset (TRST™ = 0). ! }

i
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Table 1:

Ax
CLK
CKE

Summary of Programmable I/O Attributes for IQX Devices

1/0 Port Function

Registered Output - The internal signal on the Switch Matrix line is
registered by an edge-triggered flip-flop within the 1/O Port. A clock
source is required in this mode. Either edge of CLK can be selected.
The detault for CLK is rising edge. A clock enable (CKE) and output
enable (OE) are also available but not required. Either polarity can be
selected for CKE and OE. The defauit level for CKE is & logic 1 and
the default level for OF is a logic 0. The output of the flip-flop is
unknown after hardware reset (TRST* = 0).

Mnemonic

Bidirectional Transceiver - In this mode, the I/O buffer acts as a bidi-
rectional transceiver between the /O Port pin and the corresponding
Switch Matrix line. This mode requires an input enable (IE) and output
enable (OE). Either polarity can be selected for each but the default
level for IE is a logic 1 and the defauit level for OE is a logic 0. When
the same source (with default polarities) is used for {E and OE, it effec
tively acts as direction control. When the same control signal (with one
polarity inverted) is used for |E and OF, it effectively acts as a Bus
Repeater (BR) (see below) when both are enabled, and as No Con-
nect (NC) when neither is enabled.

BT

Bidirectional Transceiver with Latched Input - This mode com-
bines Latched Input (L1) and output bufier (OP). A fatch enable source
is required in this mode. The latch enable source is composed of CLK
and CKE, and at least one must be specified. Either polarity can be
selected for CLK and CKE. The default level for both is a logic 1. This
mode also requires an input enable (1E) and output enable (OF).
Either polarity can be selected for {E and OE. The default level for IE is
a logic 1 and the default level for OE is a logic 0. The output of the flip4
flop is unknown after hardware reset {TRST* = 0).

BT&LI

{>‘ _ Ax

Bidirectional Transceiver with Registered Input - This mode com-
bines Registered Input with programmable tap and inversion (RI) and
buffered Output (OP). A clock source is required in this mode. Either
edge of CLK can be selected. The default for CLK is rising edge. A
clock enable (CKE) is available but not required. Either polarity can be
selected. The default level for CKE is a logic 1. This mode also
requires an input enable (IE) and output enable (OE). Either polarity
can be selected for each. The default level for IE is a logic 1 and the
default level for OF is a logic 0. The output of the flip-flop is unknown
after hardware reset (TRST* = 0).

BT&RI&
[bit = value}&
[INV = value]

Bidirectional Transceiver with Latched Output - This mode com-
bines Latched Output (LO) and input buffer (IN). A latch enable source
is required in this mode. The latch enable source is composed of CLK
and CKE. At least one must be specified. Either polarity can be
selected for CLK and CKE. The default tevel for both is a logic 1. This
mode also requires an input enable (IE) and output enabie (OE).
Either polarity can be selected for IE and OE. The default level for [E is
a logic 1 and the default level for OE is a logic 0. The output of the flip-
flop is unknown after hardware reset (TRST* = 0).

BT&LO

I-Cube, Inc.
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CLK.
CKE

Table 1:

Symbo!

Summary of Programmable 1/O Attributes for IQX Devices

/O Port Function ]

Bidirectional Transceiver with Registered Output - This mode
combines Registered Output (RO} and buffered Input (IN}. A clock
source is required in this mode. Either edge of CLK can be selected
although the default is rising edge. A clock enable (CKE) is available
but not required. Either polarity can be selected but the defauit level is
a logic 1. This mode also requires an input enable {IE) and output
enable (OE). Either polarity can be selected for IE and OE. The default
level for |E is a logic 1 and the default ievel for OF is a logic 0. The out-
put of the flip-flop is unknown after hardware reset (TRST" = 0).

d

. CE
Qe Do

Bidirectional Transceiver with Registered 1/0O- This mode is a com-
bination of Registered Input (R}) with programmable tap and inversion,
and Registered Output (RO). A clock source is required in this mode.
Either edge of CLK can be seiected. The default is rising edge. A clock
enable (CKE) is available but not required. Either polarity can be
selected for CKE. The default level is a logic 1. This mode aiso
requires an input enable (IE) and output enable (OF). Either polarity
can be selected for IE and OE. The default level for IE is a logic 1 and
the default level for OE is a logic 0. The output of the flip-flops is
unknown after hardware reset (TRST* = 0).

BT&RI&
{bit = value]&
[INV = value]

&RO

Other BT Modes- Other combinations of /O Port modes (not covered
in this table) are less likely but can be used. The mnemonic is 8T [&RI
I &L [&RO | &LO}, where the specification inside the brackets “{ " is

optional and *I" stands for either or. Insure that control signal require-
ments are met. In these modes, the output of the flip-flops is unknown
after hardware reset (TRST* = 0).

Bus Repeater - in the Bus Repeater mode. the /O Port behaves as a
wire (with a non-zero propagation delay). This unique feature patented
by I-Cube incorporates a self-sensing circuit to determine signal direc
tion and does not require a direction control signal.

When multiple I/Q Ports, configured as “Bus Repeater”, are connected
together through the Switch Matrix to form a single internal node, an
(open collector or tristatable) external signal appearing at any one of
the /0 Ports gets repeated (or broadcast) to other /O Ports.

The Bus Repeater maode requires a pull-up current source (see sec-
tion on “Programmaple Puil-Up Current”) to operate properly. For
more details, refer to the Technical Note: “The Bus Repeater Mode” in
the “Programmable Switching and Interconnect Devices - Applications
Handbook”.

BR

Array Side Force 0 - In this input mode, the Switch Matrix line is
forced low (logic 0), regardiess of the signal on the corresponding /O
Port. In this mode an optional input enable (IE) can be selected. Either
polarity can be selected for |E. The default level is a logic 1.

AQ

Array Side Force 1 - In this input mode, the Switch Matrix line is

forced high {logic 1), regardless of the signal on the corresponding /0
Port. In this mode an optional input enable (IE) can be selected. Either
polarity can be selected for IE. The default level is a jogic 1.

Al

Page 8
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Ax

Table 1:

Symbol

Px

Summary of Programmable O Attributes for IQX Devices

170 Part Function

Pin Side Force 0 - In this output mode, the 1/0O Port pin is forced low
{logic 0), regardless of the signal on the corresponding Switch Matrix
line. In this mode an optional output enable (DE) can be selected.
Either polarity can be selected for OE. The default level is a logic 0.

Mnemonic

Fo

Ax

Px

Pin Side Force 1 - In this output mode, the I/0O Port pin is forced high
{logic 1), regardiess of the signal on the corresponding Switch Matrix
line. In this mode an optional output enable (OE) can be selected.
Either polarity can be selected for DE. The default level is a logic 0.

F1

Px

Ax

Non-Buffered - In this mode, the /Q Port pin is directly connected to
the corresponding line in the Switch Matrix through a pass transistor,
bypassing the buffer. This mode is not controlied by any of the four
control signals (CLK, CKE, IE, and OF) and is not used for passing
digital signals.

NB

N

Ax

No Connect - In this mode, the /O Port pin is isolated from the Switch
Matrix. This is done by tristating both the input and output part of the |
O buffer.

NC

I-Cube, Inc.
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I/0 Control Signals

The IQX family has a structure that gives the user a lot of flexibility in controlling the
behavior of each I/O Port. As shown in Figure 6 and described below, Clock (CLK),
Clock Enable (CKE), Input Enable (IE) and Output Enable (OE) signals for each 1/0
Port can be selected from multiple sources. The contral polarity can also be individ-
ually selected.

Newghbor Ji}

GCo-GC12 i

GTo-GT12 [}

&

c
o
Y
N
T
Lfont iF E
R
Common to included in 1 = Programming Bits
All /O Ponts Each /O Ports

Figure 6: 1/0 Control

Clock Control

An1/0 Port can be individually programmed to select its clock (CLK} and clock en-
able (CKE) signals from sixteen sources. The source can either be the two (four for
1QX320 only) dedicated pins - GC0 and GC1 (GCO0 through GC3 for [QX320), 11 (9
for IQX320) clock pins that are shared with signal I/O pins - GC2 through GC12
(GC4 through GC12 for IQX320), the nearest neighboring 1/0 Port, or the MATCH
signal generated using Key Control (KO - K4) pins.

Tristate Control

An 1/Q Ports can be individually programmed to select its Input Enable (IE) and
Qutput Enable (OFE) signals from sixteen signals. The source can either be the four
(five for IQX320 only) dedicated tristate pins - GTO through GT3 (GT0 through GT4
for IQX320), nine (eight for IQX320) tristate pins that are shared with signal I/O pins
- GT4 through GT12 (GT5 through GT12 for 1QX320), the nearest neighboring 1/0
Port, or the MATCH signal generated using Key Control (K0 - K4) pins.

Neighboring I/0O Port As A Control Source

A physically adjacent /O Port on the die can be used as a source for any of the [/O
control signals. Port 1 is the control source for Port 0, Port 2 is the control source for
Port T and so on. Port 0 is the control source for the highest number 1/0 Port on the
device die. Note that due to bondout restrictions the neighboring I/O Port may not
always be brought out to a package pin on the [Q240B, 1Q128B and 1Q64B devices.

Page 10
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Key Control Pins As A Control Source

The Key Control feature on the IQX devices allows the user to encode mutually ex-
clusive control signals for use as 1/O control signals. The Key pins, KO through K4
are shared with I/0 Ports. This feature, shown schematically in Figure 6, works as
follows:

Each I/O Port contains a 5-bit tag which can be programmed with a unique value
when the [/O Ports are configured. A comparator in each 1/O Port continuously
compares the programmed tag value with the signals present on the Key pins or the
output of the internal 5-bit counter. The output of the comparator, which produces
a logic 1 on a match, can be selected as a control signal.

The Key Control is intended for use with level sensitive signals such as IE, OE, CKE
(in registered modes only). If Key Control is used in situations where a short glitch
on the internal “Match” signal is unacceptable (i.e., using the Key Port for CLK in
registered modes and CLK and/or CKE in latched modes), it is recommended that one
of the Key pins be used as a qualifier and its value changed after the other Key pins
have stabilized to prevent glitches on the internal “Match” signal. Note that when
key match is used as Output Enable (OE) the match will disable the driver, while a
non-match will enable it. This can be reversed by configuring the 1/0 Port to use re-
verse polarity for OE.

Depending on the value of the Counter Enable bit in the Mode Control Register (see
Table 10, the key input to the 5-bit comparator comes either directly from the Key
Pins (KO through K4) or from the output of an internal 5-bit up counter. If the counter
is selected by setting the Counter Enable bit to a logic 1, the Key pins serve as control
inputs to the counter as described below.

K0/KCLK - Counter Clock input
K1/KCKE - Counter Clock Enable
K2/KRST - Counter (Synchronous) Reset
K3/KCLR - Counter (Asynchronous) Clear
K4/K1F - Counter Select “1F” Hex

The counter is a 5-bit modulo up counter controlled by the rising edge on the counter
clock pin (KCLK). It counts up to the 5-bit value programmed in the Mode Control
Register and then resets to zero on the following clock edge. KCKE pin is used to
qualify the clock. Clocking is enabled when KCKE is high and disabled when low.
When the K1F pin is asserted (high), the output of the counter is forced to “11111”
regardless of the internal count. During this time the counter continues to count up
in response to the clock input. When the KRST pin is asserted, the counter is reset on
the following clock edge. KCLR on the other hand is an asynchronous clear. When
asserted, the counter is immediately reset to zero. When the device is reset, the
Counter Enable bit and the five Count Value bits are reset to zero.

Default Values for Control Signals

When the device is reset all I/O Ports are set to the default configuration of flow-
through input (IN), This is achieved by setting the 16-to-1 muxes shown in Figure 6,
to select input 15 (V,); while the 2-to-1 muxes used for polarity selections are set to
select non-inverted value for Clock (CLK) and Clock Enable (CKE), and inverted
value for Input Enable (IE) and Output Enable (OE).

ﬁ—Cube, Inc.
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RapidConfigure (RC) Interface

The RapidConfigure (RC) Interface allows Switch Matrix connections and 1/O Port
configurations to be changed quickly. A single Switch Matrix connection can be
made or broken in a single RapidConfigure cycle; while a single 1/0 Port or group
of 2,4, 8 or 16 1/0 Ports (having the same configuration) can be configured in a min-
imum of one or maximum of eight RapidConfigure cycles.

The RapidConfigure interface shown in Figure 7 is a write only interface. Its opera-
tion is some what similar to a memory write cycle in a microprocessor system - it
uses address, data and control signals to write to the Switch Matrix SRAM cells and
I/0 Port configuration registers. The Control bus, {P/5, C[1:0]} defines the type of
operation performed by the RapidConfigure cycle, while the Row Address, RA[m-
1:0], and Column Address, CA[m-1:0], provide the necessary addresses and/or data
for the different operations. The value “m” is different for different devices as shown
in Table 2. WE (Write Enable) acts as chip select while STROBE is the write strobe.

Feature ‘ 12X320 1QX240B: 1QX160 1QX128B 1 QX496 } 10X64B
Total Number of 1/O Ports 320 240 160 128 96 B4
/0 Ports Used for RC Intedace 22 22 20 18 18 16
Row Address and Column Address Bus Widths 9 9 8 7 7 6
1/Q Ports whose connections can be changed using 296 216 140 102 78 43
RC interface !

Table 2: RapidConfigure Interface Pin Count

Note:
(1) Due to the requirements for compatibility with the IQ Family and/or bondout restrictions,
this number is lower than (# in row 1 - # in row 2) for some devices.

ADDRESS
pATA| | BYS
BUS
CA[m-1:0] /O Port
g »
1O Port
»{ RA[M-1:0] <>
1ax
CPU »RCE
»Cy
» CL
- P/S
ofFE
CLK Config » STROBE 1/0 Port
T *| Control TRST* TDI TMS TCK e
Logic | B J + 3
S - Optional
Figure 7: IQX RapidConfigure System I[nterface
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In a typical system, an embedded processor will compute the required Row Ad-
dress, Column Address and Control values and apply them to the IQX device. Al-
ternatively, these values could be computed before hand using the [-Cube supplied
development system software (Part# IDS100), and stored in a lookup table.

The RapidConfigure mode is enabled or disabled by correctly setting the RC bit in
the Mode Control Register. Table 3 shows the different RapidConfigure options, de-
pending on the values of the “RC” and “RM” bits in the Mode Control Register. Dur-
ing hardware reset (TRST* = 0) these bits are set to the signal value on the “RCE” pii.
The values of these hits can then be changed if required using the JTAG serial inter-
face. Note that the "P/3” signal shown in Figure 7 is required only if the RapidCon-
figure interface is used for changing [/O Port configuration, i.e., when RC bit = 1 and
RM bit = 1. The pin is available for use as signal I/O pin (I/O Port) when RM bit =
0. The following table summarizes the different options. Compatibility with the IQ
family devices is achieved by connecting the RCE pin to Vgg on the board.

RC Bit [ RM Bit [ Operation

0 X RapidConfigure Mode is disabled. The device can only be configured using the
JTAG-based serial interface. In this case, the /O Ports used for RapidConfigure
interface can be used for as signal 1/O Ports.

1 0 RapidConfigure Mode is enabled for changing Switch Matrix connections but not for
17O Port configuration. The 1/O Ports can only be configured using the JTAG-based
serial interface.

The signat coming from the P/S pin is forced to logic O internally. The P/S pin is
available as a signal /0O Port.

1 1 RapidConfigure Mode is enabled for changing Switch Matrix connections and 1/0
Port configurations.

Table 3: RapidConfigure Options

The user must ensure that the [/O Ports used for the RapidConfigure interface are
in the Input (IN) mode and any connections to corresponding signal lines in the
Switch Matrix are cleared before attempting to configure the device using this inter-
face. During device reset, the [/ O Ports used for the RapidConfigure interface are set
to the required Input (IN) and all connections in the Switch Matrix are cleared.

Switch Matrix Connection Changes

As indicated earlier, the Switch Matrix SRAM cells that control the connections
among I/0 Ports form a two dimensional array. Every SRAM cell location in the
Switch Matrix that is being written to is uniquely identified by its Row (or Word)
Address and Column (or Bit) Address. The real SRAM cell responsible for the con-
nection between two I/O Port numbers “i” and “j” on the device dic has the Row Ad-
dress of Binary (i) and Column Address of Binary (j), or vice versa. Furthermore,
when dealing with the bondout devices 1QX240B, IQX128B and 1QX64B, the [/O
Port numbers on the device package must first be mapped to the I/O Port number on
the device die to determine the Row and Column Address of the real SRAM cell. Re-
fer to Appendix A for the tables and decision logic used to determine the location of
the real SRAM cell, and the mapping of 1/O Port numbers on the device package to
[/0 Port numbers on the device die.

The Control bus, {P/3=0, C[1:0]} specifies the type of connection change, either make
or break; the Row and Column Addresses are the values corresponding to the two
[/O Port numbers as determined using the tables in Appendix A. P/S is set to 0
when changing Switch Matrix connections using RapidConfigure.

[-Cube, Inc.
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As indicated in Table 4, when the control bit C1 is held low during a make or break
operation, the remaining SRAM cells belonging to the word addressed by the Row
Address are automatically cleared. This feature can be used to speed up connection
changes as described below.

In one commeon crossbar application, the signal 1/O Ports on the device are divided
into equal groups of inputs and outputs, and a pin in the output group is required
to be connected to any pin in the input group. By judicious assignment of the [/O
Ports to the output group, one can ensure that for every output port, the renl SRAM
cells controlling the connection between that output port and all ports in the input
group fall on the word corresponding to the output port number. With this assign-
ment, when establishing a new connection using RapidConfigure, any existing con-
nection to that output I/0 Port is automatically broken (C1=0). Thus a connection
change, i.e., breaking an existing connection and then making a new one, can be ac-
complished in one RapidConfigure cycle. Tables in Appendix A provide informa-
tion on determining the word locations of real SRAM cells. Refer to Technical Note
#D-32-014, “Switching A Connection In One RapidConnect Cycle” for more details.

Attempting to alter the contents of the SRAM cells responsible for connections to the
/0 Ports used for the RapidConfigure Interface will result in unpredictable results.

Operation Control Bus Row Column

{PIS. C[1:0]) Arddress ! Address
I

RA|m-1:0| CA|m-1:0|

Break the connection between 1/O Ports i & | by writing a 0 10 BINARY (1) ![3TNARY ()
“0” to the SRAM cell location whose Row Address is i and
Column Address is |, [0 <i, | < r]. Other SRAM cells are
unchanged, i.e., no other connections are affected.? >

Make the connection between IO Ports i & j by writing a “1” 0 11 BINARY {1} [BINARY (3}
to the SRAM cell iccation whose Row Address is i and
Column Address is |, [0 <1, | < r]. Other SRAM cell are
unchanged, i.e., no other connections are affected.” " °

Break the connection between /O Ports i & j by writing a 0 00 BINARY (11 [3INARY (j)
“0" to the SRAM cell location whose Row Address is i and
Column Address is |, [0 <14, j < r]. Clear al! SRAM cells on
row i: i.e., break all the connectlons controlled by the reaf
SRAM cells belonging to row i.2

Make the connection between /O Ports i & | by writing a “1” 0 01 BINARY (1) IBINARY (!}
to the SRAM cell location whose Row Address is i and
Column Address is j, [0 < i, j < r]. Clear all SRAM cells on
row i; i.e., break all the connecnons controlled by the real
SRAM cells belonging to row i.”

Table 4: Changing Switch Matrix Connections Using RapidConfigure

Notes:

(1) Binary(i) is the m-bit binary equivalent value of i. Right most bit is LSB. m equals Row/
Column Address width. “i” and “}” refer to the I/O Port number on the device die.

(2) ris the I/O Port number on the die corresponding the highest available signal 1/0 Port.

(3) Assumes the real SRAM cell controlling the connection has Row Address = Binary(i)

I/0 Port Configuration

Contiguring I/O Ports using the RapidConfigure interface involves two steps. Dur-
ing the first step the 50-bit 1/O Port Configuration Holding Register, consisting of
seven 8-bit segments, is loaded with the configuration data. The loading is accom-
plished one 8-bit segment at a time, and may take up to 7 RapidConfigure cycles to

Page 14
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load this register. In the second step, the data in the I/O Port Configuration Holding
Register is completely transferred to the individual I/O Ports in a single RapidCon-
nect cycle. A single [/O Port, or a group of 2, 4, 8 or 16 contiguous 1/0 Ports with a
starting address of modulo 2, 4, 8 or 16 respectively, (and requiring the same config-
uration) can be configured in a single RapidConfigure cycle during this step.

When using RapidConfigure for configuring [/O Ports, the Control bus, {P/3 =1,
C[1:01} specifies the type of operation; and the Row and Column Addresses provide
the information about the I/ O Port, or the group of ports to be configured. P/5 is set
to 1 when configuring 1/0 Ports using RapidConfigure. Refer to Table 5 for details.
The I/O Port information specified in the Row and Column address values applies
to the I/ O pad location on the die. When using the RapidConfigure interface for con-
figuring bondout versions such as the IQX240B, 10X128B and 1QX64B, proper trans-
lation for I/O Port number on the package to the corresponding I/0O Port number
on the die must first be made. Refer to Appendix A for the mapping.

1/0 Ports used for the RapidConfigure interface P/3, C[1:0], RA, CA, WE and
STROBE, cannot be configured using the RapidConfigure interface. Combinations
not listed in Table 5 may result in unpredictable results and should be avoided.

pe ontro! B Q 0. IQX2408B QX160 Q 8B
P 0 Ro ad s Add Ro Add o A Ro A Add
RA|8:0 A|8:0 RA|7:0 A RA{6:0 A6:0
Load Configuration F~'|egister1 110 000000sss{0dddddddd|0000sssd|0ddddddd|000sssd |ddddddd
Configure Porti [0 < i< r]2"j 1 11 prepeppep| 000000001 | prpppppr| 00000001 |ppprppp {0000001
Configure 2 I/O Port Group 111 preppppr0| 000000011 |ppepppp0|0000C01 L |ppepppl 0000011
Configure 41/0 Port Group 111 pPepppppr00(000000111|ppppppl0|0000C11l |pppppCl (0000111
Configure 8 I/O Port Group 1 11 peepppl00j000001111|pprppl00|00001111 |ppppC000 (0001111
Configure 16 /O Port Group 111 pprppl000[000011111|pppp0000|00012111|ppp0C00 0011111
Op a ol B QX96 QX64B
Ro Add 0 Ad Ro Add O Aad
RA[6:0 A|6:0 RA|5:(0 A[5:0
Load Configuration Register1 1 10 00sssdd [0dddddd |0sssdd |dddddd
Configure Porti [0 <i < r]2'3 1 11 ppppppp (0006001 |pppPPPR 000001
Configure 2 1/O Port Group 111 pppppp0 |00C0011 |pppppd 000C11
Configure 41/0 Port Group 1 11 ppppp00 [00C0111 |pppp00 000111
Configure 8 /O Port Group 1 11 |pppp000 [0001111 |ppp000 |001111
Configure 16 11O Port Group 111 ppp000C (0011121 |ppCGOOO 011111

Table 5: Configuring I/O Ports Using RapidConfigure Interface

Notes:

M “3s8” is the 8-bit segment in the 50-bit [/O Port Configuration Holding Register
and dddddddd is the 8-bit data to be loaded. Right most bits are LSBs.

2)  “ppppp---" is the 1/O Port or 1/O Port Group number to be configured. This vector
is 9-bits long or less, depending on the device and size of the [/O Port Group. The
170 Port Group is a contiguous group of 1/O Ports with the lowest 1/O Port num-
ber being (ppppp....) multiplied by (Number of Ports in the Group).

(3)  “r”is the I/O Port number on the die corresponding to the highest /O Port num-
ber on the package that can be configured using RapidConfigure.

I-Cube, Inc.
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1/0 Port Configuration Holding Register

[/O Port Configuration Holding Register is a 50-bit register that holds I/O Port con-
figuration data. It consists of seven 8-bit segments and is loaded 8-bits at a time us-
ing RapidConfigure interface. The data in this holding register is loaded into 1/O
Port configuration cells during the 1/0 Port configuration operation using Rapid-
Configure. Table 6 describes the I/O Port programming bits and shows their loca-
tion in the I/O Port Configuration Holding Register. Table 7 shows the bit values for
the various /O Port configurations.

Table 6: I/O Port Configuration Bits

Name Sea | B 1 Group De- Descriplion
: Funclion faul
i . Value
| Eso [ o | o I 1| Input Enable (IE) Source Bt 0 (LSB).
| IEST o1 o input Enable (IE) Source Bit 1.
TTEs2 | o 2 | 1 Input Enable (IE) Source Bit 2.
Ess | o 3 "1 | input Enable (IE) Source Bit 3 (MSB).
o IN\LJIE; ) ' 'O 4 Clinrztj;) vﬁ Invert Polarity for Input Enable; Defaull is Active High.
N 0 5 1 input Port Mode.
A0 0] 6 ) 0 Force Array Side Low.
Al o | 7 "0 | Force Array Side High.
OESO 1 0 "1 | output Enable (OF) Source Bit 0 (LSB).
OES1 1 1 1 Output Enable (OF) Source Bit 1.
 OES2 1 2 Output Enable (OF) Source Bit 2.
0ES3 3 | Outpwt 1 | Output Enable (OF) Source Bit 3 (MSB).
INV_OE 1 4 Group ‘ 0 invert Polarity for Output Enable, Default is Active Low.
o s T [ouiroren
Fo 1 6 o Force Pin Side Low.
F1 1 7 0 Force Pin Side High.
CLKSO0 2 | o ! "1 1] Clock (CLK) Source Bit 0 (LSB).
CLKST 2 |1 1 | Clock (CLK) Source Bit 1.
CLKS2 2 | 2 "1 | Clock (CLK) Source Bit 2.
CLKS3 2 3 Clock, -~ { Clock (CLK) Source Bit 3 (MSB).
o 2 | 4 | Hegﬂer' "0 | Latched Output Mode.
u 2 | s Latch 0 | Latched Input Mode.
RO 2 | g  Grouw 0 | Registered Output Mode.
o RI _“‘2 B 7 ) 707 Registered Input Mode.
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Table 6: /O Port Configuration Bits

De- Description
Funchion fatstl
valuc
CKESO 3 0 P Clock Enable (CKE) Source Bit 0 (LSB).
CKES1 3 1 ‘ 1 Clock Enable (CKE) Source Bit 1.
CKES2 | 3 | 2 {1 | Clock Enable (CKE) Saurce Bit 2.
T Ckess | 3 | 3 Clock | 1 | Clock Enable (CKE) Source Bit 3 (MSB).
TNV,C]ZE* 3 4 1 2122': ; 1 Invert Polarity for Clock Enable; Default is enabled
when high for Register and transparent when High for
Latch.
WINV_CLK 3 5 Invert Polarity for Clock; Default is Rising Edge
Triggered for Register and Transparent when High for
Latch.
n iNV_gl 3“ VG - '67”7 Invert Input Data in Registered input (RI) mode.
“reserved | 3 | 7 o Reserved for internal use. Must be set to defauit value.
Ko 4 | o 0 | KeyTag Bit0 (LSB).
- iﬂ“ , fﬁ! 1 Key : 0 | Key Tag Bit 1.
K2 4 2 Control 0 Key Tag Bit 2.
k3 PR 0 | KeyTagBit3
Tka ] 44 B 0 | Key Tag Bit 4 (MSB).
i DELAYO 4 5 Pipeline B 0 input Pipeline Delay Bit 0 (LSB).
B D‘ELAY1W ) 4ﬂ . 76"“‘ GD;I?; o] Input Pipeline Delay Bit 1.
DELAY2 4 7 Q Input Pipeiine Delay Bit 2 (MSB).
T BR 5 0 0 Bus Repeater Mode.
WIAS 5 1 1 Array Side Trickle Current.
Ps 5 L2 "1 | Pin Side Trickle Current.
TPU_WK 5 3 Misc 0 Weak Static Pull Up Current.
) PULSGV 5 4 Group [o] Strong Static Pull Up Current
NB 5 | 5 | 0 | Non-Buffered Mode.
mreserved 5 3] i 1 Reserved for internal use. Must be set to default value.
- reserved 5 7 a ] Reserved for internal use. Must be set to default value.
- reserved 6 0 W"Fesrt S 07 Reserved for internal use. Must be sef to default value.
) reserved 6 1 Group O Reserved for internal use. Must be set to default value.
—:eserveaﬂuw 6_ N 27 1 0 Reserved, Currently Not implemented.
B ’Aréserved 7 0-7 ' O Reserved, Currently Not Implemented.

I-Cube, Inc.
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I/O Port Configurations and Holding Register Contents

The contents of the Configuration Register for the different /O Port configurations
are shown in Table 7 below. All other combinations not listed are illegal and may re-
sult in improper operation or damage to the device.

Seg 0
c Bif Bit
rn‘:dt.‘.lll‘ ! Z2314 ‘6043210 121 JEL shd i1l 76543210
DDCKRKKK | . TIICCCC | RRLLCCCC | FEOIOO00 | AATIIIIT
e . .BUUPAR | EEE43210 | .NNNKKKE | IOIOLLLL | 10PNEEEE | >ONNE |
R Ss. .VVVEEEE | ....KKKK| ...VS3SS
e e e A SW ..CC88Ss | ....S888S | ...0321C
e .GK .... | .PLX3210| ....221 CLELL L
2100 .. .. LIKE.. ..
After Reset Default a0000C00 | 11060230 [ 00630000 | 02111111 | 00001111 GOL11Ll:
Input IN 1 00000000 | 110C0:120 [ 0C000000 | 00011211 | 00001121 001*TTTT
Latched Input Ll 1.2 G00000CO | 11000150 | OCUKKKXK | GG~#EEEE | 0010CCCC COL*TTTT
Registered Input RI 1,23 | €00000C0 | 1100¢150 | DDDKKKKK | C/~KEEEE | 1000C
Output oeP 1.6 | ccovooco | 110swiid | 00C00000 | 01111131 [ 000CILL1L | GOL*TTTT
: Latched Output LO 12,6 | cO0000CC | L108W1L0 | DOCKKKKK | CO~#EEEE | 0001CCCT | GOL*TTTT
Registered Output RO 1,26 | ¢GO0OGOC0 | Z10SWill | DOCKKKKK | OO~¥EEEE | 0100CCCC
Bidirectional Transceiver 8T 1,46 | 00000000 | 1108WL110 | 00000000 | 01121211 | GOODOLI1L § CDL*TTTT
Bidirectional Transceiver | BT&LI 1.2, | 0GGC000C | 1108W110 | DOOKKKKK | CO~#EEEE | G010CCC

COTPTTTT
with Latched fnput 4,6 i

Bidirectional Transceiver | BT&RI 1.2 C0C000C | 110SW3 10 | OOOKKKKK | OC~#EEEE | 1000CCCC

with Registered Input 346

Bidirectionai Transceiver | BT&LO | 1,2, | 0¢006000 | 1208W110 [ OOOKKKKK | 0C~#EEEE { 000lCCoC

Bidirectional Transceiver | BT&RO | 1,2, | 0C0C0000 | 110SW110 | OOOKKKKK | GO~#EEEE | COLOCCCT | GOL*PITT | D01+ 77TTT
with Registered Qutput 4,6

Pin side Force 0 or 1 FO, F1 1,5 | 20060000 | 11000110 | 0000CGO0 | 01311111 | GOO0D1111 | FFO*TITT | 001111l
Array side Force 0 or 1 AQ. At 1.5 000C0000 | 110003110 | 0000C00D | 01111111 | CCO01L11 | ©0003 L1 | RAC*TTITT
Bus Repeater BR 6 000CG0000 | 1108W111 | H00JGEGN | 01111311 | €0001111 | CDODLiLlL | D0CLZ 1L
Non-Buffered NB 000G0000 | 11100110 | 0000 0] 01111111 | COCOLLILT | GODD 00C1T11t

No Connect NC 00000000 | 11000136 | #000CC0D | 01111111 | CCOO0I111 | CGID21111 | 008111

Table7: 1/O Configuration Register Contents

Notes:

e} Tristate Enable (TTTT) source for Input and Output modes is selected as follows: 0 - 12 selects GTO - GT12,
13 selects Key Match with a Key Value of KKKKK, 14 selects Next Neighbor. 15 is the power on reset
“Park” state. * = 1 inverts polarity. Set * = 1, TTTT = 1111 and KKKKK = 00000 for the Input modes when
Input Enable (IE) control is not used. Set * = 0, TTTT = 1111 and KKKKK = 00000 for the Output modes
when Output Enable (OF) control is not used.

(2) Clock (CCCQ) or Clock Enable (EEEE) sources are selected as follows: 0 - 12 selects GCO - GC12, 13 selects
Key Match with a Key Value of KKKKK, 14 selects Next Neighbor, 15 the reset “Park” state acts as latched
state for Latched Input. Set /, ~and # to 1 to invert polarity.

(3} Additional Pipeline Delay (DDD) is specified in number of clock ticks (1 through 7). Set DDD = 000 when
no additional delay is required.

(4) Input Enable and Qutput Enable may use a different source (i.e., different values for TTTT). When the
same source is used, it effectively acts as direction control.

(5) FF =01 for FO, FF = 10 for F1, AA = 01 for A0 and AA = 10 for Al.

(6) S and W bits can be either 0 or 1. The source for additional static pullup current is disabled when the bit
is 0.
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QOperation

Reset Commands

The RapidConfigure interface can also be used to quickly clear the Switch Matrix
and reset the 1/0 Ports to their default state. Refer to the table below for details.
When RapidConfigure is used for resetting the [/O Ports the contents of the config-
uration holding register are set to the default state shown in Table 7, however the
contents of the Mode Control Register and the state of the JTAG controller are not
affected.

! 1QX320. 1QX240B 10X 160

! control Bus IQX 1288

Row Add
RA[8:0]

Co!. Add
CA[8:0]

Row Add
RA|7.0}

Col. Add
CA[7:0]

Row Add
RA{6:0)

Col. Add
CA[6:0]

LiP1s clio)y |

SRAM Cells (Break
Connections) and Set All I
O Ports to Power-on
Default Function [Input (IN}]

Clear All Switch Matrix 111 000000000|00010C000[00000000|00106000{0000000 |0100000
SRAM Cells (Break

Connections)

Clear All Switch Matrix 1 11 000000000{00110C000,00000000|01100000(00C0000C0 ([110000C0

Operation

QX396 1QX64B

Contrat Bus 1

'PiS. C1:01} \

Row Add
| RA[6:0}

Col. Add
CA[6:0]

Row Add
RA[5:0]

Col. Add
CA(5:0]

Clear All Switch Matrix 111 C000000 0100000 Not Not
SRAM Cells (Break Available™ | Available!"
Connections}
Clear All Switch Matrix 1 11 coQ00060 1100000 Not Not
SRAM Cells (Break Available!” |Available"
Connections) and Set Alt I/
O Ports to Power-on
Default Function {input (IN)]
Table 8: RapidConfigure Reset Commands
Note:

(1) Due to bondout restrictions, the RCE pin is not available on the IQX96 and IQX64B.

[-Cube, Inc.
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JTAG-based Configuration Controller

In the IQX devices, the [/O attributes and Switch Matrix connections can be pro-
grammed using the JTAG serial bus. Additionally, the RapidConfigure Interface,
used for quickly changing [/O Port Configurations and Switch Matrix connections,
can be enabled or disabled using the JTAG serial bus.

The JTAG-based serial mode is always available for configuration regardless of
whether the RapidConfigure mode is enabled or disabled. However proper care
must be taken when switching between JTAG and RapidConfigure for configuring
the devices. The user must ensure that the RapidConfigure mode is first disabled by
using JTAG serial mode to set the RC bit to zero in the Mode Control Register before
attempting to change Switch Matrix connections or I/ O Port configuration through
JTAG.

In most cases, the user does not need to know the details of the JTAG protocol. The
1-Cube supplied software will automatically generate the necessary bit stream from
a higher-level textual description of the required configuration.

JTAG Interface

The JTAG interface is a serial interface and uses five pins: Test Data In (TDI), Test
Data Out (TDO), Test Clock (TCK), Test Mode Select (TMS) and Test Reset (TRST*).
TCK is used to clock data in and out of TDI and TDO. TMS, in conjunction with TDI
implements a state machine that controls the various operations of the JTAG proto-
col. Data on the TDI and TMS pins is clocked into the IQX device on the rising edge
of the TCK signal, while the valid data appears on the TDO pin after the falling edge
of TCK. On the IQX devices, TRST* is used to reset both the device and the JTAG
controller.

1/O Port Configuration

[/O Port configuration is accomplished by loading the appropriate bit stream into
the programming registers present at each [/O Port. The JTAG serial bus is used to
load configuration data into the I/O Port programming registers, one [/O Port at a
time.

Switch Matrix Configuration

The contents of the SRAM cells controlling Switch Matrix connections can be modi-
fied using the JTAG. This is accomplished by loading the configuration data, one
word at a time into the SRAM cells in the Switch Matrix.

Mode Control Register Configuration

The IQX device contains a Mode Control Register. Some bits in the register are used
to store user flags such as RapidConfigure Enable, and certain non-user flags re-
quired for proper functioning of the device. The contents of this register can be
changed using the JTAG interface. Refer to Table 10 for details.

Page 20
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Miscellaneous Details

Device Reset

To ensure proper operation, the device reset pin, TRST* must be held low during
power up. The reset pulse must be at least 200 ns long. The IQX device is ready for
configuration as soon as it comes out of reset. The recommended reset circuitry is
shown in Figure 8.

§40k

- TRST*

1QX

from optional
control circuit ”

Figure 8: Reset Circuit

When the device is in operation, different functional blocks can be reset using one of
following methods. Each method performs a slightly different action as shown in

Table 9 below.
Reset Method Switch I/O Ports ‘ /0 Canfig  JTAG State RapidCon-
Matrix : Holding Machine hgure

|  Register Intertace

Pulsing TRST* low Cleared | Settoinput | Setto Input Reset Enabled if
{IN) (IN) RCEpin=1

Shifting in the "Device Reset” Cieared | SettoInput | Setto Input | Unchanged | Enabled if
instruction using JTAG (IN) (IN) RCE pin = 1

Applying “/O Port and Switch Cleared | SettoInput | Setto Input | Unchanged Stays
Matrix Reset” instruction using {IN) (IN) Enabled
RapidCOnfigure interface

Applying “Switch Matrix Reset” Cleared | Unchanged | Unchanged | Unchanged Stays
instruction using RapidCOnfigure Enabled
interface

Table 9: Device Reset

In any of the above reset methods the edge and level-sensitive flip-flops in the 1/O
Port buffers are not cleared and will have unknown output values.

Mixed Voltage Operation

There are multiple sources for power on the IQX device. The first one called Vpp is
a5V source and is used to power the device core, including the Switch Matrix SRAM
cells, I/O Port logic (excluding the I/O buffer driver), 1/O control logic, JTAG logic
and other circuitry. The I/O buffer drivers are powered by a different source called
Vpp-PAD. The number of Vi;p.PAD sources depends on the device. Table 13 shows
the number of Vpp.PAD sources and the I/O Ports controlled by them. The
Vpp-PAD pins can be connected to either a 5V or 3V supply. This makes it easy to
interface IQX device to 5V and/or 3V logic levels.
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Power Pin Vpp.X

The IQX devices contain a pin marked Viy5.X. [n the initial versions of these devices,
this pin must be externally connected to a 5V supply. In the future versions of the de-
vices that contain an on-chip charge pump, a 6.2V = 3% Zener diode is required to
be connected between the Vpp.X pin (cathode) and Vgg (anode). To minimize re-
work, appropriate provisions should be made on the printed circuit boards to han-
dle both possibilities.

Mode Control Register

The 1QX device contains a 16-bit Mode Control Register. It stores the RapidConfig-
ure Enable and certain other non-user flags which must be set correctly for the prop-
er functioning of the device. Table 10 shows the bit assignment and their function. A
special JTAG instruction is used to write to the Mode Control Register. When this
register is written using [TAG the least significant bit (Bit 0) is shifted in first.

Bit # Name ! Default i Description
! ¢ KCNT 0 Uses intarnal 5-bit counter to provide Key Address
: 1 RM N Used to enable 10B configuration through
RapidConfigure interface. Default value eguals the
RCE pin vaiue on Reset.
2 RC N Enables or disables RapidConfigure mode. Default
value equals the RCE pin value on Reset.
3 INTERNAL 1 For internal use. Should not be changed by the user.
4 INTERNAL 1 For internal use. Should not be changed by the user.
5 INTERNAL 1 For internal use. Should not be changed by the user.
6 RESERVED 0 Forinternal use. Should not be changed by the user.
7 INTERNAL 0 Forinternal use. Should not be changed by the user.
8 INTERNAL 0 For internal use. Should not be changed by the user.
9 INTERNAL 0 For internal use. Should not be changed by the user.
10 INTERNAL 0 For internal use. Should not be changed by the user.
11 KVALO 0 i Terminal count value bit 0 (LSB; when internal counter
i is used as Key Address
12 KVAL1 0 i Terminal count value bit 1 when internal counter is
! used as Key Address ;
13— T KVAL2 0 Terminal count value bit 1 when internal counter is |
used as Key Address ;
R .- ]
: 14 KVAL3 0 Terminal count value bit 1 when internal counter is H
1! ¢ used as Key Address
15 KVAL4 i 0 ¢ Terminal count value bit 4 (MSB) when internal counter :
i j s used as Key Address .
| SE——

Table 10: Mode Control Register Bit Assignment
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In System Configuration Using J[TAG-based

The JTAG-based configuration mode allows the user to initialize the device, config-
ure the 1/O Ports, establish connections through the Switch Matrix and set the con-
tents of the Mode Control Register.

Configuring the device using JTAG involves two steps. In the first step the user gen-
erates the bit stream. Two different software options - off-line and embedded bit
stream generation - are available to accomplish this task. The choice depends on the
target application. The second step is the actual downloading of the bit stream into
the device. The downloading circuitry can take on different forms, depending on the
target application.

Create Configuration File
(Text File)

Compile Configuration File
to Create Configuration Bitstream

Convert Bitstream for Use with
Configuration Circuitry in the Target System
' Serial | Onboard  Download
EPROM | EPROM | Microcontroller ~ Cable

|

Figure 9: Off-line Bit Stream Generation

ey

|

‘Appilcation: ™ Configuration e 10X
Software Circuitry ™=

: 1ax ' S
| Programming
Library

Figure 10: Embedded Bit Stream Generation
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Bit Stream Generation

The configuration bit stream can be generated off-line or in-system by an embedded
CPU using one of the following methods:

. By using 1-Cube Development System Software products [DS100 or 1DS 200.

. By using [-Cube’s “Programming Library for [QX Devices” software product
IDS600, and an embedded processor.

. By user written code based on the information provided in the “1QX Register-
level Programming Users Guide”.

If the bit stream 1s generated otf-line then, depending on the application, it is either
stored in non-volatile memory or directly downleaded from a host processor such
as a PC connected to the target hardware.

The software used for oft-line generation accepts a text file describing the desired
configuration - connections between different 17O Ports, functional attributes of
each 1/0 Port, and settings of certain user flags - and generates a file containing the
bit stream.

Bit Stream Downloading

The bit stream can be downloaded into the 1QX device using several different hard-
ware schemes. The choice depends on the end application. All these schemes use the
standard JTAG protocol and timing. As per the JTAG protocol, the clock signal
(TCK) must be supplied externally.

If the target hardware is controlled by a computer such as a PC, the parallel port on
the computer can be used to download the bit stream. [-Cube provides a software
utility to perform the downloading. Under this scheme, the necessary data for TDI
and TMS pins as well as the (software generated) TCK clock signal are sent over the
parallel port.

An on-board byte-wide EPROM or E?PROM, or a serial E2PROM can be used to
store the bit stream. Using minimal external logic, the bit stream stored in one of
these devices can be downloaded into the 1QX device(s) over the TDI and TMS pins,
with the TCK pin used for synchronization. The clock signal for the TCK pin is gen-
erated by the external logic.

If the target system has an on-board microcontroller, the bit stream data can be read
from memory and downloaded into the 10X device(s) using 3 1/O pins on the mi-
crocontroller to generate the required TDI, TMS and TCK signals. For real-time ap-
plications, the microcontroller/ microprocessor can generate the bit stream (using the
I-Cube supplied software library or user written code) and then download it into the
[QX device in a single operation.

The actual time required to download the configuration bit stream and program a
IQX device depends on the device(s) used, the user’s specific configuration pattern,
and JTAG clock frequency. Table 11 shows the number of JTAG cycles and configu-
ration time required for some typical operations. The size of the memory (number
of bytes) required is two (one each for TDEand TMS) times the number of JTAG cy-
cles divided by eight.
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Operatio-

=“111117)

JTAG Reset Sequence {TMS

1QX320 ‘ 1QX240B [ 1QX160

|
1

. 4 N < i I’ o

§ g Brglsl et - 8

o | = %] = ’ ] | = ] = °

SR > | = c > 1= [ = =
'O s Clgli|Cix ST c

g l= g le} gro e U= Q|
£ S1E1E 203 £ F 2

510 S5{c|g 50 Elo 5

5 |250( 10| 5 |250( 10| 5 |250( 10| 5 [250| 10| 5 (2580 10| 5 | 250( 10

ns | bits ns | bits ns | bits ns | bits ns | bits ns | bits

figure

Enable or Disable RapidCon- | 42 | 21| 84 | 42 | 21| 84| 42| 21| 84| 42| 21| 84| 42| 21| 84| 42| 21| 84

us | bits us | bits us | bits us | bits us | bits us | bits

I/O Port

Change IOB attributes of ONE| 76 | 3.8| 152 76 | 3.8| 152| 76 | 3.8] 152| 76 | 3.8| 1562| 76 | 3.8| 152| 76 | 3.8| 152

us | bits us | bits us | bits us | bits us | bits us | bits

O Ports

Change IOB attributesof ALL1| 24 | 12] 6 | 18| 08| 45| 12| 06| 4 | 10| 05| 25

@
I
IS
N
&)

0.25/1.25

ALL I/O Ports + Clear ALL
SRAM cells

ResetJTAG Controller+Reset] 32 | 16| 64| 32 | 16] 64| 32| 16| 64| 32| 16| 64| 32 16| 64| 32 16| 64

us | bits us | bits us | bits us | bits us | bits us | bits

Ports

Connect or disconnect two I/O | 346| 17.3| 692 | 346| 17.3| 692 | 186| 9.3 | 372| 186| 9.3 | 372| 122| 6.1 | 244| 122] 6.1 | 244

us | bits us | bits us | bits us | bits us | bits ns | bits
Configure Entire Switch Matrix| 110| 55|27.5| 84 | 42| 21| 30| 15| 75| 24| 12| 6 | 12| 06| 3 8 | 04| 2
K|ims|KB| K|ms|KB| K| ms|KB| K|ms|KB| K| ms| KB ms | KB

Completely Configure the

Matrix Connections)

Device (All I/O and All Switch K| ms|KB| Kims|KB| K| ms|KB| K| ms|KB| K| ms| KB| K| ms| KB

134| 6.7 34 (102|501 26| 42| 21| 11| 34|17 9 [ 20| tO0| 5 |} 13|0.65 35

Table 11: Number of JTAG Cycles and Configuration Time (using a 20 MHz JTAG Clock)
Configuring Multiple IQX Devices

The JTAG-based controller allows a single device or multiple IQX devices connected
in a chain to be configured in a single operation. For multiple device configuration,
the pins are connected as shown in Figure 11.

U3 vz U1
iax [e} 4 [e2 ¢
T » - TO! TDO TDI TDO TOt TDO

TCK TCK TCK
T™S TMS T™MS
TRST" TRST* TRST"

TDO =

TCK» o .

TMS » . .

TRST » . .

Figure 11: Configuring Multiple IQX Devices

During the initial configuration sequence, the internal controllers on all IQX devices
are first brought to their reset state by pulsing the TRST* reset pin low. This is fol-
lowed by the actual configuration bit stream, which is downloaded into the 1QX de-
vices over the TDI and TMS pins.
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Pin Summary

10X320 ’ loxzaoa‘ QX160 ’ QX 1288 1QX96 10X648 1DIR! Description

P00 - P259| P00 - P193{ P00 - P103 POOO - PO83| P00 - PO37|P0O00 - P021] /O |Dedicated 1/O Ports
Shared /O Ports
P260 P261 |P194 P195 [P104 P105 |P84 -P88 P38 -P42 P22 - P26 11O |//O Ports shared with
P263 P265 |P196 P197 [P106 P108 General Tristate Contro!
P267 P198 P109 GT12 - GT8, used for
Input Enable (IE) and
Output Enable (OF)
Signals.

Shared /O Ports

P268 - P272/P199 - P203P110 P111 |P8SG -PA3 P43 - P47 |P27 -P 31 /O [1fO Ports shared with
P112 P114 General Clock Control
P115 GC12 - GC8, used for
Clock (CLK) and Clock
Enable (CKE) Signals.
Shared /O Ports

P273 P275 [P204 - P208IP116 P117 |P94 -P98 P48 - P52 P32 - P36 110 | 110 Ports shared with
P277 P279 | B}PQO P121 5 Key Control K4 - KO,
P28 | p122 |

used for generating
Clock (CLK). Clock
Enable (CKE), Input
Enable (IE) and Output
Enable (OF) signals.
Shared 1/0 Ports
P283 P285 |P209 - P212|P125 -P128|P99 - P102 |P53 - P56 |P37 - P40 1/0 | 11O Ports shared with
pP287 P289 : P138 P137 {P108 P107 P62 P61 P46 P45 General Clock Control
GC7 - GC4 for QX320
and 1QX240B and GC7 -
GC2 for remaining
devices, used for Clock
(CLK) and Ciock Enable
(CKE) Signals.
Shared I/O Ports
P291 P293 [P213 - P215(P131 - P134|P103 - P106{P57 - P60 | P41 - P44 /O [1/O Ports shared with
P295 General Tristate Control
GT7 - GT5 for IQX320
and IQX2408B and GT7 -
GT4 for remaining
devices, used for Input
Enable (IE) and Output
Enable (OE) Signals.
{Dedicated) General
GT4 -GTO |GT4-GTO |GT3-GTO |GT3-GT0 |GT3-GTO0 |GT3-GTO | |Tristate Control Pins
Used for Input Enable
(IE) and Output Enabie
(OF) Signals.
(Dedicated) Generat
GC3- GCO {GC3-GCO (GC1 - GCO |GC1 - GCO |GC1 - GCO |GCG1-GCO | | |Clock Control Pins

! I Used for Clock (CLK)

P
{
H
i
i

]
i ! and Clock Enable (CKE)
| : signals.
{ ! ’ ‘ Shared /O Ports
P296 - P304]P216 - P224i P140 - P147|P110 - P116|P78 - P84 |P48-P53 | /O |10 Ports shared with
CAO - CA8 |CAO-CA8 |CAO-CA7 |CAO-CA6 |CAO-CAG |CAO-CAS | Column Address (CA)

i 1 | Bus
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10X320 | 10X240B | 1QX160 | 1QX128B | 1QX96 10X64B l DIR! Description
Shared /O Ports
P306 - P314/ P226 - P234|P148 - P155P117 - P1231P85 - P91  |P54 - P59 | 1/O |1/O Ports shared with
RAO - RAB |RAO - RA8 |RAD - RA7 |RAO - RAG [RAD - RA6 |RAO - RA5 Row Address {RA} Bus
Shared 1/O Ports
P315-P317|P235 - P237|P139 P156 |P109 P124 |P63 P92 P47 P60 1/Q | I/O Ports shared with
P157 P125 P93 P61 P/, CO AND C1
Shared 1/O Ports
P318 P319 |P238 P239 |P158 P153 |P126 P127 | P94 P95 P62 P63 /O | RapidConfigure Write
Enable (WE) and Write
Strobe (STROBE)
Hardware Reset
TRST* TRST* TRST* TRST* TRST" TRST" { |Device Reset
JTAG Pins
TDI, TMS, (TDI, TMS, |TDI, TMS, |TDI, TMS, |[TDi TMS, |TDI, TMS, I |For downioading the
TCK, TCK, TCK, TCK. TCK, TCK, | |serial configuration
TDO TDO TDO TDO TDC TDO O |bitstream
RapidConfigure
RCE RCE RCE RCE RCE RCE | |Enable Pin
For Enabling
RapidConfigure
interface after reset
Power & Ground Pins |
Voo Vpp.PAD1 [Vpg.PAD1 |Vpp.PADT |Vpp.PADT | Vpp PAD1T P |Power Pins for Group 1 |
1O Butfer Drivers.
Vop.PAD2 |Vpp.PAD2 |Vpp PADZ2 |Vpp.PAD2 |Vpp PAD2 P |Power Pins for Group 2
1/O Buffer Drivers.
Vop.PAD3 P |Power Pins for Group 3
/O Buffer Drivers.
Vpp.PAD4 P |Power Pins for Group 4
/O Buffer Drivers.
Vpp Voo Voo Vop Vop Voo P |Power Pins for on-chip
circuitry other than 1/O
Buffer Drivers.
Vpp-X Vpp-X Vpp-X Vpp-X Vpp-X Vpp-X P | Source for Switch Matrix;
must be connected to
Vpp externaily
Vss Vsg Vss Vss Vgg Vgs P | Ground Pins.

1QX2408B

Pins Pawered by Supply Voltage

1ax

160 1QX12BB

1QX36

1QX64B

Voo TD!, TMS, TCK,|TD1, TMS, TCK, | TDI, TMS, TCK,| TDI, TMS, TCK,| TDI, TMS, TCK, | TDI, TMS, TCK,
TDO, TRST*, |TDO, TRSTY, |TDO, TRST* |TDO, TRST* |TDO, TRST" (TDO, TRST"
GCO - GC3, GCO - GC3, GC0, GC1, GC0. GC1, GCO, GC1, %GCO GC1.
GTO - GT4, GTO - GT4 GT0-GT3 GT0-GT3 GT0-GT3 IGTO -GT3
P000:P319 i

Vpp.PAD1 P000:P059 PO00:P079 P000:P063 POQ0:PC47 POOC:PO31

Vpp-PAD2 P060:P119 P080:P159 P064:P127 P048:P095 PQ032:P063

Voo PAD3 P120:P179

Vpp PAD4 P180:P239

Table 13: Supply Voltage Source
I-Cube, Inc. July 1996 Page 27 ]




r IQX Family Data Sheet

This page intentionally left blank

Page 28 July 1996 1-Cube, Inc.J




IQX Family Data Sheet

Electrical Specifications

Absolute Maximum Ratings ‘!

Symbet : Parameter
Vpo ‘ Supply Voltage to Ground -0.3t0 +7.0 \
Vpp.X Supply Voltage for Switch Matrix -03to0+7.0 v
Vpp.PAD Supply Voltage for /O Buffer Driver -0.3t0+7.0 A
V@3 | input Voltage o 20.3to (Vpp.PAD + 0.3) v
T, Junction Temperature 150 °C
Tsta Storage Temperature -65 to +150 o " C
los Current per Port Pin =+ 300 mA

Recommended Operating Conditions

!

Symbol i Parameter ‘ Limtts = Units
i Voo Supply Voltage to Ground 4.75105.25 v
} Vpo.PAD Supply Voltage for /O Buffer Driver 4.75105.25 v \
i {Vpop-PAD1 and Vpp.PAD2 can operate at differ- | or :
| ent voltages) 27133 v
[7:';;'» o Operaling Temperalure Oto +70 T
Capacitance ¥

| | 1ox3zo | 1ox2a08 | 1oxis0 | 1ox128B | 1oxse | 1axsaB
Symb \! Paramete ' e ; : Units
ymool; arame i Min | Max! Mml Max | Mmi Max| Min Maxl thin Maxl Min| Max]
| i | !

|

tnput Capacitance {(JYAG pins): | - 8 - 8 - 8 - 18
Cout Output Capacitance (TDO pin) | - 8 8 - 8
Cport | /O Signal Port - 10 |- 10 |- 10
“Centt | Dedicated General Clockand - - 10 10 10
General Tristate Pin Capaci-
tance
Notes:
(1) Exposure to absolute maximum rated conditions for extended periods may affect device
reliability.
(2) A maximum overshoot and undershoot of 2V for a maximum duration of 20 ns is accept-
able.
(3) For IQX320, Vpp and Vpp.PAD are connected on the package and are therefore one and
the same.

(4) Capacitance measured at 25°C. Sample-tested only.
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DC Electrical Specifications

(T = 0°C to 70°C, Vipp = 5V5%; Vpp. PAD = 5V£5%, or Vpp PAD = 3V10%) &

Coaditiane

Qx3an

Whin

1oxzans

'QX1RN 10X1288

fteax

1I0X96 |QX64R

Mo

Rl

Vi High-Level Input Voltage 20 | VpoPAD| 20 | VppPAD | 2.0 | VpoPAD| V
+0.3 +0.3 +03
| Vi Low-Level Input Voitage | 0.3 08 0.3 0.8 0.3 08
 Von High-Level OQutput Voltage | Ybp = Min, Vpp.PAD =4.76 = 2.4 24 - 24 - v
low=-8mA
High-Level Output Voltage | Voo = Min, Vpo PAD =27~ 2.4 24 - 24 v
! lon = - 4mA
Vou i Low-Level Output Voltage Vpo = Min, Vpp PAD =4.75 | 0.4 0.4 0.4 A
loL= 16 mA
Low-Level Qutput Voltage Vopp = Min, Vpp.PAD =27 0.4 - 04 0.4 v
loL = 16 mA
llyt, Ml | Input Leakage Current for /O | Vpp = Max, 0 < Vi< 5 - 5 - 5 pA
ports Vpp-PAD
lpr I/O Port Trickling Current ) | Vpp = Max, 0 < Vi < 25 - -25 - 25 HA
: Vpo.PAD
ozl Tristate Output Off-State Vpo = Max, 0 € Vi < 5 : 5 TS nA
: Current Vpp.-PAD
j;lJ,WK Programmed-Weak Addi- Vpp = Min, Vg = GND 2.5 4.0 25 40 25 4.0 mA
: tional Pull-Up Current i
‘ lpy.sG Programmed-Strong Addi- Vpp = Min, Vg = GND 9 13.5 9 | 135 9 135 mA
| tional Puli-Up Current !
+
i los Short Circuit Current '+ 2) Vop = Max, Vg = GND -60 - 60 - -60 mA
s Quiescent Power Supply Vop = Max, Vg = GND - 30 a0 - 3.0 mA
Current ;
Qpoo Dynamic Power Supply Cur- | Vpp = Min, No Load, Con- - 03 P05 ST e ma/
i MHz

rent per Input (1

nect one output per input @
50% duty cycle with ali
other inputs at GND or Vpp

Notes:

(1) These parameters are guaranteed but not tested in production.
(2) No more than one output should be tested at a time and the duration of the test should be

limited to less than one second.
(3) For IQX320, Vpp and Vpp.PAD are connected on the package and are therefore one and

the same.
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IQX Family Data Sheet

AC Electrical Specifications for IQX320 and 1QX240B

(T4 = 0°C to 70°C, Vpp = 5V£5%; Vpp.PAD = 5V£5%, or Vpp. PAD = 3V£10%)

(Assume two [/O Ports connected through the Switch Matrix with 35 pF external loading.)

Speed Grade

Parameten

Register Input/Output, Clock Frequency (12

x|

133 |

Min

Max

Min

Wa in

Max
|

Units

frio 100 : 80 | 66 | MHz
tw-rio Register Input/Output, Clock Pulse Wiclth, Low or High 2] ;33 45 58 65 : ‘l ns
ts.ri0 Register Input/Output, Data Setup Time to CLK § 20 25 : 3.0 35 ‘ns 1
[ Register input/Output, CLK to Data Hold Time TR 2.0 20 20 ns
tco.mio | Register Input/Qutput, Clock to Output Data Valid 6.0 7.0 9.0 120, ns
fri Register Input, Clock Frequency (! . 100 80 50 | MHz
[ " Register Input. Glock Puise Width, Low or High 33 45 55 65 | T ns |
sl Register Input, Data Setup Time lo CLK X 25 3.0 35 s 2
tr Register nput. CLK to Data Hold Time B BT 20 20 TR0 ns 1
lco-m Register Input. Clock to Output Data Valid T 00 125 5et 80 s
fro Fegister Output, Clock Pulse Frequeney (0 i 133 , 100 Tiso 66 | MHz
tw-a0 Register Output, Clock Width, Low or High 33 45 1 55 6.5 ns
tsro | Register Output, Data Setup Time to CLK R Y 45 5.0 - ns ] 3 i
wro | Register Oulput, CLK to Data Hold Time 0.0 00 | 00 60 . !
tcono | Register Output, Clock to Output Data Valid 60 7.0 90 | TZol ns :
tene. tpLy | One Way Signal Propagation Delay T s 10.0 1251 150 hs i 7:
Algg Additional Delay in Bus Repeater (BR) Mode (' 2 0.0 00 | ns !
tsk Skew Between Output Ports 15 15 | ns
by Input Flow Through Positive Pulse Width @) 6.0 75 ns 4
twy. Input Flow Through Negative Pulse Width © 8.0 100 ns
Rpata  |NRZ Data Rate {2 1257 100 | Mbis
tpzH.T. { Input Enable (GT) to Data Valid 1361
[
lezHoT: | Output Enable (GT) to Data Valid o 7.0 .85 1057
ez oT :
tpuz-0T. | Output Enable (GT) to Output at High 2 ) 70 85 105 25| ns | 6
tzor
ftwur | Latch input, Latch Enable (GC) Pulse Width, Low or High 33 45 Tl ns 1
ts.yy i Latch Input, Data Setup Time to Latch Enable (GC) Trailing Edge | 2.0 25 ‘ 3.0 - ns !
b ;’Latch Input, Data to Latch Enable (GC) Trailing Edge Hold Time 2.0 20 20 ns 7 :
tcou Latch Input, Latch Enable (GC) Leading Edge to Data Out Delay ~ 100 2577 “'ns
teuir Latch input, Transparent Mode Propagation Delay 75 10.0 “ns’
tw-ro Latch Output, Lateh Enable (GC) Pulse Width. Low or High 33 45 55 ns T
ts.1 o Laich Output, Data Setup Time to Latch Enable (GC) Trailing Edge ! 4.0 4.5 5.0 ns
tH10 Latch Oulput, Data lo Laich Enable (GC) Trailing Edge Hold Time | 0.0 0.0 0.0 ns 8
tcoro |Latoh Output, Latch Enable (GC) Leading Edge to Data Out Delay | | 6.0 | B I Y ns
toror Latch Output, Transparent Mode Propagation Delay 75 10.0 « 12.5 ns
tew-p1 Register input. Minimum Puise Width of KEY as Ciock Enable. | 5.0 50 | i 80 - ns
Low or High : i

kRl Register input, Clock Enabié (Key) Setup Time 16 CLK (GC) | 25 30 357 145 ns’ 9
[ Register Input, GLK (GC) to Clock Enable (Key) Hold Time 20 2.0 207 T TEe T | ns
tKco-RI Register input, Key Clock to Qutput Data Valid 105 307 155 [ 190 ‘ ns :
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Speed Grade ; ' -0 2 15 Ref
S - —_— —_ -—— Unts Timing
Symbo! Parameten Max M  Max  Min Max Mo Wax Diag.
tkw-RO Register Cutput, Minimum Pulse Width of KEY as Clock Enable, !
Low or High !

tks-RO Register OQutput, Clock Enable (Key) Setup Time to CLK (GC) 4.8 5.0 55 6.5 ns 10
tknno | Register Output, CLK (GC) to Clock Enable (Key) Hold Time 0.c 0.0 0.0 00’ ns

tkco-no | Register Output, Key Clock to Output Data Valid 65 75 95 13.0 | ns

tkpziT | Input Enable (Key) to Data Valid - 9.0 110 13.5 18 ns

tkpzLAT Lot
tkpzH-OT | Output Enable (Key) to Data Valid ’ 75 90 170 1351 ns
lkpze-0T

tkpnz-o7T | Output Enable (Key) to Output at High Z (! . T 75 . 90 10 1135] ns 12
tkpLz-0T !

tw-L1 I:_ztcr:‘h Input, Minimum Pulse Width of KEY as Latch Enable, Lowor | 5.0 6.0 7.0 8.0 s

ig

tks.ut Latch Input, Data Setup Time to Latch Enable {Key) Trailing Edge | 2.5 T 35 T‘d.s ns

tKH-L Latch Input, Data to Latch Enable (Key) Trailing Edge Hold Time 2.0 i 20 20 20 ns 13
itkco-u Latch Input, Latch Enabie (Key) Leading Edge to Data Out o 10.5 13.0 155 : ’ 190 ns

tkp-uiT Latch Input, Transparent Mode Propagation Delay 75 10.0 1257 150 ns
Tkwio | Latch Output, Minimum Puise Width of KEY as Latch Enable. Low | 5.0 6.0 70 8.0 T7ns

or High

tks-LO Latch Qutput, Data Setup Time to Latch Enable (Key) Trailing 45 50 55 6.5 ns
. Edge

tkH-LO Latch Output, Data to Latch Enable (Key) Trailing Edge Hold Time | 0.0 0.0 00 0.0 ns 14
tkco-Lo | Lateh Output, Latch Enable (Key) Leading Edge to Data Out 8.5 75 185 130 ns

kp-LOT Latch Qutput, Transparent Mode Propagatfbn Delay .75 10.0 125 150 | ns

fkent Key Counter, input Clock Frequency ‘ 80 66 50 40 | MHz
twkont | Key Counter Clock, Pulse Width 50 , 6.0 70 | T8o ns

ts koke | Key Counter, Enable Setup Time to KCLK 20 25 35 a0 ns

t keke | Key Counter, KCLK to Enable Hold Time 00 6o 0.0 00 |~

ts krsT | Key Counter, Reset Setup Time to KCLK 2.0 “les [T ek 40|

th kast | Key Counter, KCLK lo Reset Hold Time 0.0 0.0 0.0 0.0 " ns 15
tkeik oe | Key Counter, Clock to Output Data Valid or Qutput High Z 8.0 95 s 145 ns
tkeuk e | Key Counter, Clack to Input Data Valid 95 115 14.0 1701 ns

to kctm | Key Counter, Clear to Output Active / High Z Delay 95 11s | 1835 1501 ns

tp kFiF | Key Counter, Force 0x1F to Output Active / High Z Delay ) 85 105 125 140 | ns

Tae RapidConnect Strobe Period 20.0 225 25.0 30.0 ns

tw..mc | RapidConnect Strobe Pulse Width - B Y 7.0 807 s

tw- -RC

ts.RC RapidConnect Address and Data Setup Time to Strobe 4.0 45 5.0 5.5 | ns 16
twac RapidConnect Address and Data Hold Time to Strobe 0.0 0.0 0.0 00 ‘ ns

tp.Rc RapidContig Strobe Falling Edge to Data Valid (Make Connection} 13.0 15.0 17.0 200 ns

11AG JTAG Ciock (TCK] Frequency o 20| 20 20 | | 20 | MHz
twatag  |JTAG Clock (TCK) Pulse Width 20.0 200 20.0 20.0 ns

ts.urag | JTAG Setup Time 4.0 40 4.0 4.0 ns 17
thgtag  |JTAG Hold Time 0.0 0.0 0.0 00l s

1. TAG JTAG Ciack to Output Data Valid 15.0 150 15.0 150 ns
Notes:

(1) These parameters are guaranteed but not tested in production.

(2) The timing parameters are specified for a configuration where an Input Port is driving one Output Port. For con-
figurations where an Input Port is driving two or more Output Ports, the timing parameters are de-rated as shown
below. These parameters are guaranteed but not tested in production.
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AC Electrical Specifications for IQX160 and I1QX128B

(Ta = 0°C to 70°C, Vpp = 5V5%; Vpp.PAD = 5V£5%, or Vpp.PAD = 3V10%)

(Assume two 1/O Ports connected through the Switch Matrix with 35 pF external loading.)

0 Diag

o Register Input/Output, Clock Frequency (12 133 100 80 66 | MHz

tw-RI0 Register Input/Output, Clock Pulse Width, Low or High (' 2 33 S lasTm 5.5 6.5 ns

s.Ri0 Register Input/Output, Data Setup Time to CLK 20 25 30 35 ns 1
tH-RiIO Register Input/Cutput, CLK to Data Hold Time 2.0 2.0 20 2.0 ns

tco-RiO Register input/Output, Ciock to Output Data Valid 6.0 7.0 90 | 1207 ns

T Register Input, Clock Frequency V) o ) 100 80 66 | | 50 | MHz

tw.ri Register Input, Clock Pulse Width, Low or High 33 45 55 65 ns

ts-mi Register Input, Data Setup Time to CLK 2.0 25 30 35T T lns 2
Ry Register Input, CLK to Data Hold Time T 2.0 20 2.0 ns
tco-Ri Register Input, Clock to Output Data Valid R 100 125 15.0 , 180 ns "
tro Register Output, Clock Pulse Frequency (¥ B 33 100 80 66 | MAz | |
tw.mo Register Output, Clock Width, Low or High 33 4.5 55 8.5 ns
‘ts-Ao Register Oulput, Data Setup Time to GLK 4.0 45 50 55 ns 3
tH-RO Register Output, CLK to Data Hold Time ) 0.0 0.0 0.0 0.0 ns
itco-ro Register Output. Clock to Output Data Valid T 6.0 7.0 9.0 120 | ns :
ey, tLy | One Way Signal Propagation Delay 75 10.0 125 150 | ns
Atga Additional Delay in Bus Repeater (8R) Mode ' 2 00 00 oo T 00 | ns ‘
sk |Skew Between Output Ports (1) 15 t5 1.5 T8 ns” ’
e input Flow Through Positive Pulse Width ) 35 45" 50 65 ns | 4

ty. Input Flow Through Negative Pulse Width @ 45 50 6.0 75 [Tes

RpaTa NRZ Data Rate (1-2) 200 180 150 125 | Mb/s

tpzHaT, Input Enable (G'l;) E)B}lté VE;IIE 85 - 105 13.0 1 150 ns

teziar ; ! 5
tpzH01: | Output Enable (GT) to Data Valid 7.0 8.5 105 (125 ns

20T i

terz.oT. | Output Enable (GT) to Output at High Z 7.0 85 105 11257 ns 6
tpz.01 3 ;
twur Latch Input, Latch Enable (GC) Pulse Width, Low or High Ta3 45 55 6.5 ns !
tg Lateh Input. Data Setup Tims to Latch Enable (GC) Trailing Edge 20 25 3.0 35 ns
L Latch Input, Data 1o Latch Enable (GC) Trailing Edge Hold Time 2.0 20 20 20 ns 7
teowl Latch input, Latch Enable (GC) Leading Edge to Data Out Delay 10.0 125 150  [180  ns
to.LT Latch Input, Transparent Mode Propagation Delay o 75 10.0 125 150 | ns
twio  :Latch Output, Latch Enable (GC) Pulse Width, Low or High 33 45 55 65 | ns |
t5 o " Tatch Output, Data Setup Time o Latch Enabie (GC) Trailing Edge | 4.0 45 50 17T 1S e

Lo Latch Output, Data to Latch Enable (GC) Trailing Edge Hold Time | 0.0 0.0 “Too") 0. ns 8
oo Latch Output, Latch Enable (GC) Leading Edge to Data Oul Detay |~ 6.0 7.0 90 120 ns

tp.LoT Latch Output, Transparent Mode Propagation Delay i 75 10.0 125 I 1501 ns

tew-Ri Register Input, Minimum Puise Width of KEY as Clock Enable, | 5.0 6.0 7.0 80 1 ns |

Low or High

teerm  Register Input, Clock Enable (Key) Setup Time to CLK (GC)~ Y 3.0 35 ns 19
tkH-RI "Register Input, CLK (GC) to Clock Enable (Key) Hold Time 20 20 20 ns

tkco-Rl . Register Input, Key Clock to Output Data Valid o 10.5 B0 15.5 $19.0 . ns
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Speed Grade . -10 ? 15 Re*.
—_————————————————— Unis Timng
Symhbaot Parameltesr Mmoo Max  Min Lhin Min Max Diag.
tew-RO Register Output, Minimum Pulse Width of KEY as Clock Enable, ‘
Low or High |
tws-rO Register Output, Clock Enable (Key) Setup Time to CLK {GC) 45 5.0 5.5 6.5 | ns 10
terno | Register Output, CLK (GC) to Clock Enable (Key) Hold Time 0.0 0.0 00 YO T
tkco-rp | Register Output, Key Clock to Output Data Valid 6.5 75 9.5 130 ns
tkpzH-T  |input Enable (Key) to Data Valid T 9.0 o | 135 16 ns -
Pzt "
kpzH.OT  {Output Enable (Key) to Data Valid s 90 11.0 135] ns
Hypzoot |
lkprzor Output Enable (Key) to Output at High 2 (Y o 75 F 9.0 11.0 115 ns | a2
tkeLz.or !
w0 hgtih input, Minimum Pulse Widih of KEY as Latch Enabie, Low or | 5.0 6.0 7.0 8.0 ns
gl
tksur Latch input, Data Setup Time to Latch Enabie (Key) Trailing Edge | 2.5 30 35 45 1 | ns
[ Latch Input, Data to Latch Enable (Key) Trailing Edge Hold Time 2.0 20 20 2.0 T s 13
tkcou  |Latch input, Latch Enable (Key) Leading Edge to Data Out | 105 130 155 90 ns
e |Lalch input, Transparent Mode Propagation Delay ’ 75 10.0 125 150 ns
tewro | Lalch Output, Minimum Puise Width of KEY as Latch Enable, Low | 5.0 60 | |70 80 ns )
or High
tks-LO Latch Output, Data Setup Time to Latch Enable (Key) Trailing 45 50 55 8.5 ns
Edge ! :
Whio Latch Output, Data to Latch Enable (Key) Trailing Edge Hold Time [ 6.0 00 0.0 0.0 TTThs T 14
tCo-LO ‘ILatch Output, Latch Enable (Key) Leading Edge to Data Out 6.5 75 95 13.0 ns
tepLor i hatch Output, Transparent Mode Propagation Delay 75 10.0 1226 1150 ns |
fkeNT Key Counter, Input Clock Frequency 80 66 50 40 | MHz |
tomonrKey Counter Clock, Puise Width o 50 60 70 80 T
ts kcke | Key Counter, Enable Setup Time to KCLK 20 25 35 4.0 ns
t koxe | Key Counter, KCLK 1o Enable Hold Time - 0.0 00 0.0 00 T as i
T wmar |Key Counter, Reset Setup Time 1o KCLK 30 25 77T EE a0 T 5
t xnst | Key Counter, KGLK to Reset Hold Time - 00 0.0 00 0o | ns 15
tecik oe | Key Counter, Clock to Output Data Valid or Quiput High Z 8.0 95 ' 115 1457 s ‘
txcik g |Key Counter, Clock to Input Data Valid . 95 L 1ns: 14.0 17.0 . ns l
to koLr | Key Counter, Clear to Output Active / High Z Delay 95 RN 13.5 150 . ns
to xep | Key Counter, Force Ox1F to Output Active / High Z Delay 85 10.5 ; 125 14.0 ns
Tac RapidConnect Strobe Period 20.0 2251 25.0 30.0 ' ns
tws.rc | RapidConnect Strobe Pulse Width 5.0 6.0 : 7.0 8.0 Ths |
tw..ac ! ! i :
ts.re RapidConnect Address and Data Setup Time o Strobe . 40 : 5.0 55 | ns 16
tnc RapidConnect Address and Data Hold Time to Strobe To00 ] {00 0.0 | 0.0 Tns :
te.pc RapidConfig Strobe Falling Edge tc Data Valid {Make Connection) : 13.0 15.0 17.0 200 ns |
[ JTAG Clock (TCK) Frequency { 20 20 20 20 MHz
twotaG | JTAG Clock (TCK) Pulse Width 7200 206 200 20.0 [os
tsutac | JTAG Setup Time 740 40 40 40 Ths | 17
totac | JTAG Hold Time £ 00 0.0 0.0 oo T TRs
toytag  |JTAG Clock to Qutput Data Valid : 15.0 15.0 | 15.0 15.0 ns
Notes:

(1) These parameters are guaranteed but not tested in production.

(2) The timing parameters are specified for a configuration where an Input Port is driving one Output Port. For con-
figurations where an Input Port is driving two or more Output Ports, the timing parameters are de-rated as shown
below. These parameters are guaranteed but not tested in production.
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1QX Family Data Sheet

AC Electrical Specifications for IQX96 and 1QX64B
(Ta = 0°C t0 70°C, Vpp = 5V+5%; Vpp.PAD = 5V+5%, or Vpp PAD = 3V+10%)

(Assume two I/O Ports connected through the Switch Matrix with 35 pF external loading.)

fri0 Register Input/Output, Clock Frequency (12 150 ! 100 80 66 | MHz !
w-Ri0 Register Input/Output, Clock Pulse Width, Low or High {12 33 4.5 55 6.5 ns ‘
ts-Ri0 Register Input/Output, Data Setup Time to CLK 2.0 i 25 3.0 35 ns 1
th-Ai0 Register Input/Output, CLK to Data Hold Time T 20 2.0 20 20| “ns
tco-mo | Register Input/Output, Clock to Output Data Valid 6.0 7.0 90 120 ns
fai Register Input, Clock Frequency o 00 66 so | MHz |
tw-R Register Input, Clock Pulse Width, Low or High 33 45 55 : 6.5 ns
ts-Ri Register Input, Data Setup Time to CLK - 20 25 30 35 ns 2
A Register Input, CLK to Data Hold Time 20 2.0 2.0 20 ns
ORIl Register Input, Clock to Qutput Data Valid 8.0 10.0 120 150 ns
fro Register Output, Clock Pulse Frequency (1) 133 100 80 66 | MHz
W-RO Register Output, Clock Width, Low or High 33 ; 45 55 6.5 ns
15-n0 Register Output, Data Setup Time to CLK 40 4.5 5.0 55 ns 3
th-rO Register Output, CLK to Data Hoid Time - 1.0 10 1.0 S10 ns
{co-ro Register Output, Clock to Qutput Data Valid 7.0 9.0 120 ns
tenL. tpu | One Way Signal Propagation Delay 12.5 150 ns
Agr Additional Delay in Bus Repeater (BR) Mode (' 2) : 0.0 00 | ns
tsk Skew Between Output Ports wo | 0 10| ns
e input Flow Through Positive Pulse Width @ 3.0 I .65 ns 4
tw- input Flow Through Negative Pulse Width ) 3.5 45 6.0 TTE ns
Roata NRZ Data Rate (' 2 250 200 150 125 | Mb/s
tezraT. Hinput Enable (GT) to Data Valid 65 85 1001 11257 ns i
ApziT 5
‘tpzH.0T, | Output Enable (GT) to Data Valid T 60 80 10.0 120 ns
tpzL-oT
pHz0T: | Output Enable (GT) to Output at High Z 6.0 8.0 10.0 120 ns 6
teLz.om
[ Latch Input, Latch Enable {GC) Pulse Width, Low or High 33 TR 55 65 ns
ts.1y Latch Input, Data Setup Time to Latch Enable (GC) Trailing Edge | 2.0 ” 25 30 35 ! ns
tyu Latch Input, Data to Latch Enable {GC) Trailing Edge Hold Time 20 20 : 20 20 ‘ ns 7
tcou Latch input, Latch Enable (GC) Leading Edge to Data Out Delay 80 HETYS 125 7150 | ns
teur Latch Input, Transparent Mode Propagation Delay 60 10.0 125 1501 ns
tw- 0o Latch Output, Latch Enable (GC) Pulse Width, Low or High 3.3 45 55 65 ns
ts.Lo Latch Output, Data Setup Time to Latch Enable (GC) Trailing Edge 4.0 45 50 55 ns
thLo Latch Output, Data to Latch Enabie (GC} Trailing Edge Hold Time - 1.0 1.0 1.0 10 ns 8
tcoLo Latch Output, Latch Enable (GC) Leading Edge to Data Out Delay 6.0 70 9.0 120 ns
toroT Latch Output, Transparent Mode Propagation Delay 6.0 10.0 12,5 150 ns
tew-RI Register Input, Minimum Pulse Width of KEY as Clock Enable, 5.0 6.0 7.0 ! 8.0 ns
Low or High i

torn " Register input, Clock Enable {Key) Setup Time to CLK (GC) - 3.0 35 45 s 9
tkH-RI1 Register Input, CLK (GC) to Clock Enable (Key) Hold Time .20 2.0 20 20 ns
tKCO-RI Register Input, Key Clock to Output Data Valid B 85 105 1125 1185 ns
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IQX Family Data Sheet i

Speed Grade 6 H) ! =12 1h Ref

— - — —— lUnis Timing

Symhoi Paramele Miy  Max [{11a] Max « Min Max Mo Maix Diag.

tuw.ro ! Register Output, Minimum Pulse Width of KEY as Clock Enable, | 5.0 |

Ltow or High | : !
tks-RO Register Output, Clock Enable (Key) Setup Time to CLK (GC) 45 ¢ |50 55 6.5 ns 10
taro | Register Output, CLK (GC) to Clock Enable (Key) Hoid Time 10| " T1o 10 10 Ths
tuco-ng | Register Output, Key Clock to Output Data Vaiid . 6.5 75 : 95 13.0 ; ns
tkpzH-T  |Input Enable (Key) to Data Valid 7.0 8.0 105 130 . ns
tkpzLm n
tkPzH-OT |Output Enable (Key) to Data Valid 65 85 105 1251 ns o
tkpzi-07
tkpHZ-OT Ou;pQ;Enable (Key) to Output at High Z e T es 85 10.5 125 | ns 12
kpiz.oT
tew-Li hz_itih Input, Minimum Pulse Width of KEY as Latch Enable, Lowor | 5.0 6.0 70 8.0 ns

1g

[ Latch Input, Data Setup Time to Latch Enable {Key) Traiing Edge | 2.5 30 13s 45 1 " 1ns
[ VORT] Latch Input, Data to Latch Enable (Key) Trailing Edge Hold Time | 2.0 20 20 2.0 ns | 13
tkcour  |Latch Input, Latch Enable (Key) Leading Edge to DataOut ~~ § | 85 11.0 130 155 ns
tke.Lt Latch input, Transparent Mode Propagation Delay - - 8.0 10.5 12.5 150 | ns
HIKWALO Latch Output. Minimum Pulse Width of KEY as Latch Enable, Low | 5.0 8.0 70 8.0 ns

or High
ksL0 Eztch Output, Data Setup Time to Latch Enable (Key) Trailing 45 5.0 55 Y ns |
| ge
‘tKH_Lo Latch Output, Data to Latch Enable (Key) Trailing Edge Hold Time | 1.0 10 1.0 "o ns 14
:cho_Lo Latch Output, Latch Enable (Key) Leading Edge to Data Out 65 75 95 1130 ns
tkpor | Latch Output, Transparent Mode Propagation Delay 6.0 10.0 125 14507 ns
fuent Key Counter, Input Clock Frequency 80 66 50 h 40 | MHz
twkont | Key Counter Clock, Pulse Width 5.0 6.0 70 8o i ns
ts kcke | Key Counter, Enable Setup Time to KCLK 20 28 | 35 40 ns |
 kcke | Key Counter, KCLK to Enable Hold Time 0.0 00 ] " Too “Too ns
1s krst |Key Counter, Reset Setup Time to KCLK 20 25 s T a0 ns
th kast | Key Counter, KCLK to Reset Hold Time 00 0.0 00 0.0 ns 15
tkcik oe |Key Counter, Clock to Output Data Valid or Output High Z 6.5 8.5 108 1128 ns
tkeik e | Key Counter, Clock to Input Data Valid ~ 70 9.0 10.5 7130 s
tp kot | Key Counter, Clear to Output Active / High Z Delay 6.5 8.5 105 1125 ns
tp_krir | Key Counter, Force Ox1F to Output Active / High Z Delay 65 8.5 10.5 125 ns
Tae RapidConnect Strobe Period 20.0 225 250 30.0 ns -
“twe e | RapidConnect Strobe Puise Width N X 60 7.0 8o |Tns T
tw. .RC
tsac RapidConnect Address and Data Setup Time to Strobe R Y 4.5 5.0 5.5 ns 16
thac RapidConnect Address and Data Hold Time to Strobe 00 foo | oo 0.0 ns
tp.Ac RapidConfig Strobe Falling Edge to Data Valid (Make Connection) 130 15.0 17.0 200| ns
[ JTAG Clock (TCK) Frequency N A ) 20 20 20 | MHz
\w.otac  |JTAG Clock (TCK) Pulsa Width 20.0 20.0 200 2007 ns
tsytac  |JTAG Setup Time 4.0 4.0 40 4.0 ns 17
ty.ytag  |J4TAG Hold Time 0.0 0.0 00 1 0.0 ns
tp.ytag  |JdTAG Clock to Output Data Valid ) 15.0 15.0 15.0 | 150 ns j

Notes:

(1) These parameters are guaranteed but not tested in production.

(2) The timing parameters are specified for a configuration where an input Port is driving one Qutput Port. For con-
figurations where an Input Port is driving two or more Output Ports, the timing parameters are de-rated as shown
below. These parameters are guaranteed but not tested in production.
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Parameter De-rating For One-to-Many Connections

Symbo Feramelr: ax | Min i Max! Min
Maximum Number of Connections Per ‘
i Input
TAlpp increase in tog, for Every Additional Out- | - 1035 - 0.35 025 - 0.25] - 0.25 025] ns
. put Port Connected to an Input Port
LAty Increase i tw+ and tw- for Every Addi- 100 | - 100 | - 80 |- 80 - 80 |- 80 |ps )
: tional Output Port Connected to an input
i Port
T Decrease in Maximum Qperating Fre- 1 - 1 - . 075 - 075, - 075! - 0.75 | MHz
; quency Every Additional Qutput Port
! Connected to an input Port
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IQX Family Data Sheet

Test Circuit and Timing Diagrams

. tp — —»tg -
90% 3o
Vpo.Pad °
- f/ s 70V Negative Pulse 1.5V
v 5008 Parameter’ Switch 10% b ov
Pulse | Vin | Vout Tested Position B :
Generator D.UT. T tpLzftez | Closed a tw ™
500 ; 500 All Others| Open 3.0V
| . 90%
; | 35pF* |
! = | tr=3ns(max)  positive Pulse 15v
‘ | ‘ tg = 3 ns (max) 10% - offen

v v v v

* Load capacitance includes jig and probe capacitance.

ov

- tR :«—» i lF -

Figure 15: Test Circuit and Waveform Definition

twrio : tw- RIO
oy —

GC (CLK) \ \: [ \ /

t:3 AIO 4R - RIO

AL . swich BO oy InPort m“,omumm01010}01(0{0}0
ot {o of > Matiix | - 4}"'1" 3 ;
- - < OutPort ' Dna X Do X D,

fce —
ClKy tco-rio

Timing Diagram 1:Registered Input and Registered Output Mode Timing (ICLK and OCLK are Synchronized)

tw-ri tw-Ri

-—— .-

GC (CLK) \ f \: / \ /

ls Ri iH R

R st OP Hmo Dn_ (0. 0 oy YR
fnPont | %3 ,A.M*’i!ﬁl,‘w@ﬂ

CK . OutPort ; Dn-1 X Dy X Dn+1
- ~

-{ce EOP

o]

Timing Diagram 2:Registered Input Mode Timing
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twro . tw- RO
-—

- P

Ismo o
IN RO Port :
N eort TR 0. YOO oowr DX

@oﬁ,,{}, Matrix_ | ol N\OutPort
CLK QutPort Dnt | X Dn X Dns1

T - ]

-—|CE tco-ro

Timing Diagram 3: Registered Output Mode Timing

InPort 1
InPort 2

IN OoP

- OutPort 1
_InPort 1 [>, I {}9@?@“ 1
i [
, Switch i (T e T
Matrix

InPort 2 OutPort 2 \
LR {> '''' 4} wre OutPort 2 / \

Timing Diagram 4: I/O Port Txmmg (Flow-through Mode)

GT(IE) / \ / \
41’8_
inPort \ / tpzr-T
: 1 e

ezt
e IN Swi op T e {
inPort % M,a,,tfix_,{}ig‘i’fﬂﬂ OutPort S\ /
: ! [
v 3T

Timing Diagram 5:Input Enable Timing (Flow-through Mode)
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InPort \ / tPzHOT  tpuzor

IN oP ;
+  Switch tpzL-oT

Jnem,,,,{‘> _Matrix__ {?,,CMEQ!' OutPort = ™
OE ___ A

Vor

. JlpzoT
.  Vou-0.3v

Vg +0.3Y
Vou

Timing Diagram 6:Output Enable Timing (Flow-through Mode)

: i A
Lt oP ; i :
-+ Switch [ tP"—_!I, :
mPot o {> Matf'?(,%,,@!‘ﬂ)ﬁ OutPort ; X:X X ‘
ek ) ee > Tc . ;* 3

Timing Diagram 7: Latched Input Mode Timing

tH-Lo
» -
ts-Lo
— -

GC (CLK) / )

L 2T o IR

meort X CCKOOORRAEOCKEXOO0NCRRE

IN . Lo tp.LoT
-+ Switch » -
inPort_ b- _Matrix___ | D a DOU',P!?,(? OutPort X:X X
ok ) T <
fco-Lo

Timing Diagram 8: Latched Output Mode Timing
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RI

inPort
LK |

GC (CLK) /vt \
KH-RI

- -

tks-RI:
- e

-

kev (oke ) R vatie T
- tij-m:*
W

swich O InPort I“

A

A G ¥

Matrix ]
o af[>~ QQ“"F"’L‘ . tkcoRi

A OutPort : X

Timing Diagram 9:Key Timing for Register Input, Clock Enable (CKE)

IN
Switch
!n@nv,&,,, Matrix

GC (CLK) /t \

KH-RO

— -

tks-RO

KEY (CKE) I‘X‘I’I‘I’I‘I‘I‘Iﬁ’0101010I‘I‘I‘I’Iﬁﬁ(‘l‘f’l’I‘M‘I‘I‘I

e
tkw-roO

RO weort YTED XAV
5 a 4} OoutPort R tKCO;RO

<+ QutPort X
CE

Timing Diagram 10:Key Timing for Register Output, Clock Enable (CKE)

IN
E . Switch

P
ma,n,.{}_jamx., [ Qurer

S 1) ) A
InPort——\ / »‘ tkpzH-IT "
‘ tkpzLT

-
e

/———4s—

—
OutPort N
M \

P

Timing Diagram 11:Key Timing for Input Enable
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InPort \ / tkpzH-OT tkpHZ-OT
- P - -

~  Switch tkpzL-OT \
‘ : PLZ-OT
(nPort D Matrix D QutPort OutPort [P I o < KPLZO

Von
: Vou-0.3V
VOL"’O-SV

\r91|

Vou

Timing Diagram 12:Key Timing for Output Enable

GC (CLK) __/——\—
e oce) TR vare RARERE

>tKH;LI
L tks-Li
: - -
VAR ‘ j Ty
InPort u’M’A’ X; X 'A’A‘A‘A‘A‘A’M
L Switch oP . - tKF’-LIT
Pt |y ol _Matrix,,,{}%t@ ‘
OutPort m X
CKE ‘ :
CKE_ e ‘ -
CTTD ) v tkco-u

Timing Diagram 13:Key Timing for Latch Input, Enable (CKE)

GC (CLK) ____/——\_—
KEY (CKE) mmw0}0IOIOIOI((O)KOIO)I

tKH—LO
-
th o
inport JHARRN f 1

N e o =-Ikp.LOT

- Wi : T :
mPort N Matrix OutPort OutPort X::X X
77«' > R o al{ > ;
CKE . D e S - -
J— tkco-Lo

Timing Diagram 14:Key Timing for Latch Output, Enable (CKE)
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KO/KCLK [ a b c d e f g h j m| |n p r t

[
K1/KCKE ts_kcke -/ -« - \4 tH,KCK¢ ’

ts kRST* = «
K2/KRST N

>~ < Y4 _KRST

¢
T

KI/KCLR

K4/K1F

Key Bus (intarnal) X‘X’I’X‘I’n@. @ D@X:O onne i

IN i op » < KCLK_OE
T Switch tKCLK_OE
InPort1 D Matrix % QutPortt \ - = ‘
- T 4 . ke _oe -
oE OutPort]  KOLK.OE > = %) T\ Yooy

Vo +0.3V
A

e N g e SRR K
nPor2. {> Matrix_ {} QutPort2 Ko i - - = "KCI;KVIE
ourariz JGOOUOOUXXXXXXXXXXQUON XXX RXRRRRRNEK

* TG1 and TG2 are the 5-bit tag values programmed in the VO Ports OutPort1 and InPon2 respectively.

Timing Diagram 15: Key Counter Timing
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The tw-re tw-rc
- -

- - -

- < thpe
ts-RC
- :

RA[7:0]
cxoor A XA 011 O 1
= ~-l4Ac
JlsRg 'sAc

P/S, C1,CO "MW mxm x

ts-Rc
o

- > = i4Re
e T
tp.RC

Make Break
Connection Connection

Timing Diagram 16: RapidConfigure Timing

- S

ts-4TAG »tH-JTAGé
RS G 11 G 111
= e TAG

TDO X ) -

Timing Diagram 17: JTAG Timing
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Pinout

1QX320 [PPGA/391L] Package Pinout by Name

GCO K6 | PO41 D20 | PO91 L29 | P141 AD30| P191 AL21 P241 AL7 P291GT7 T6 | Vpp AR3

GC1  J5 | PO42 A21| P092 K32 | P142 AH32| P192 AM20 pP242 AJ7 P292 P2 | Vpp AR31
GC2 G5 | P043 F20 | PO93 L31; P143 AE31| P193 AK20 P243 AP2 P293/GT6 R5 | Vpp AR35
GC3 J7 | P044 C21 | P094 K34 | P144 AK34| P194 AP20 P244 AH6 P294 M2 | Vpp AR7

GTO C33(P045 E21|P095 M30| P145 AE29| P195 AL19 P245 AM4 P295/GT5 R7 | Vpp C35
GT1 G31] P046 B22 | POS6 L33 | P146 AK32| P196 AN19 P246 AK2 P296/CAD N3 | Vpp E1
GT2 AN3| P047 G21| P097 N29| P147 AF32| P197 AJ19 P247 AM2 P297/CA1 P4 | Vpg G35
GT3 AJ5|P048 B24 | PO98 M32| P148 AL33| P198 AR19 P248 AJ3 P298/CA2 K2 | Vpp J1
GT4 H6 | P04g D22 | POS9 N31 | P149 AF3C| P199 AM18| P249 AK4 P299/CA3 P6 | Vpp L35
PO00 F8 | PO50 C23| P100 M34| P150 AM34| P200 AP18 P250 AG7 P300/CA4 L3 | Vpp N1
PO0O1 B6 | PO51 F22 | P101 P30 | P151 AG31| P201 AK18 pPa51 AL3 P301/CA5 N5 | Vpp HR35
Poo2 C7 | P052 B26 | P102 N33 | P152 AL31| P202 AN17 P252 AGS P302/CA6 H2 | Vgg AA35
P003 G9 | PO5S3 E23 | P103 P32 | P153 AG29| P203 AL17 P253 AH4 P303/CA7 N7 | Vgg ACH
P0O04 E9 | PO54 C25| P104 P34 | P154 AK30| P204 AR17 P254 AH2 P304/CA8 J3 | Vgg AE35
PO0O5 B8 | PO55 G23| P105 R29 | P155 AH30| P205 AJ17 P255 AF6 P305 M4 | Vgg AJ3S
POO6 C9 | PO56 B28B| P106 R33| P156 AN33| P206 AP16 P256 AG3 P306/RAC G3 | Vgg ALt
POO7 F10 | PO57 D24 | P107 R3t | P157 AJ31| P207 AM16| P257 AE7 P307/RA1 M6 | Vgg AR1
P008 D10 | P0O58 C27| P108 7132 | P158 AL29| P208 AR15 P258 AF4 P308/RA2 H4 | Vgg AR25
P0O09 G11| P0O59 F24 | P109 T30 | P159 AJ2G| P209 AK186 P259 AES P309/RA3 L5 | Vgg AR29
PO10 B10| PO60 C29| P110 T34 | P160 AK28] P210 ANI5|P260/GT12 AF2 P310/RA4 F2 | Vgg AR33
PO11 E11| PO61 E25| P111 U31| P161 AP34| P211 AL15|P261/GT11 ADS P311/RA5 L7 | Vgg AR5
PO12 C11| PO62 D28| P112 U33| P162 AP30| P212 AP14 P262 AE3 P312/RA6 F4 | Vgs AR9
PO13 Fi12 | POB3 G25| P113 U29 | P163 AM32| P213 AJ15|P263/GT10 AC7| P313/RA7 E3 | Vgg B2
PO14 D12 | PO64 B30 | P114 U35 P164 AN29| P214 AP12 P264 AD4 P314/RA8 D2 [ Vgg J35
PO15 G13| P065 D26 P115 V32| P165 AP32| P215 AM14{ P265/GT9 ACS P315/ P/S E5 | Vgg L1
PO16 B12 | PO66 D30 | P116 V34 | P166 AJ27| P216 AN13 P266 AD2 P316/CO F6 | Vgg N35
PO17 E13| PO67 F26 | P117 V30| P167 AM30! P217 AK14| P267/GT8 AB6 P317/C1 C3 | Vgg R1
PO18 C13| PO68 C31| P118 W33| P168 AL27| P218 AP10|P268/GC12 AC3 P318/WE E7 | Vgg A1

PGS Fi4 | PO6Y E27 | P119 W31| P16 AN31| P219 AL13|[P269/GC11 AB4|p319STROBE G7 | Vss A23
PO20 Bi4 | PO70 B3z | P120 W35| P170 AP2B| P220 AN11|P270/GC10 AB2 TCK C5 | Ves A2Z7
P02t D14 | PO71 G27 | P121 W29 | Pi71 AM28| P221 AJT3|P271/GC AAT7 TOI D4 | Vgs A3
POz2 C15| PO72 E31 | Pi22 Y34 | P172 AN27| P222 APS | P272/GC8 AA3 TDO D6 | Vgs A31
P023 G15| PO73 F28 | P1238 Y32 | P173 AK26| P223 AMI2| P273/K4  AAS ™S B4 | Vgg A35
P024 Ai5 | PO74 F30 | P124 AA33| P174 AM26[ P24 ANS | Po74 Y4 TRST D8 | Vgg A7
PO25 E15| PO75 E29 | P125 Y30 | P1756 AJ25| P225 AKi2| P275/K3 Y6 Voo AT3| Vgg AGH
PO26 D16 | PO76 G29 | P126 AB34| P176 AP26| P226 AN7 | P276 Y2 Voo A25 | Vgg AN35
P027 F16 | PO77 B34 | P127 AA31[P177 AL25| P227 AL11| P277/K2 W5 Voo A29 | Vgg ARI3
PO28 B16 | P078 H30 | P128 AD34| P178 AN2E| P228 AM8| P278 W3 Voo A33| Vgg Ci
P029 E17 | PO79 D32 | P129 AA29| P179 AK24| P229 AJTT| P279/K1 W7 Voo A5 | Ves E35
PO30 C17 | POBO F34 | P130 AC33| P180 AM24| P230 AP6 | P280 W1 Voo A5 [ Veg G
P03t G17 | POBT DBa4 | P131 AB32| P181 AJ23| P231 AMIi0| P281/KO V4 Voo AA1 | Vpp X K4
F032 Al17 | POB2 G33 | Pi32 AF34| Pi82 AP24| P232 AMG| P282 V2 Voo AC35
PO33 D18 | P0B3 F32 | P133 AB30| P183 AL23| P233 AK10| P28BI/GC7 V6 Voo AEA
P034 B18 | POB4 J29 | P134 AE33[ P184 AN23| P234 AN5 | P2gd U3 Voo AG35
PO35 F18 | POBS £33 | P135 AC31| P185 AK22| P235  ALG | P2BS/GCE  US Voo AT
PO36 C19| POB6 J31 | P136 AH34| P186 AP22| P236 AP4 | P286 U1 Voo AL35
P037 E10 | POB7 H32 | P137 AC29| P187 AM22| P237 AJ9 | P287/GCS U7 Voo ANT
P0O38 A10 | P0B8 H34 | P138 AG33| P188 AN21| P238 ALS | P288 T2 Voo ART1
P039 G19| P08 K30 | P139 AD32| P189 AJ21| P233 AK8 | P289/GCA T4 Voo AR23]
PO40  B20 | POGO  J33 | P140 AJ33| P190 AR21| P240 AK6 | P290  R3 Voo AR27]
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1QX Family Data Sheet

1QX320 [PPGA/391L] Package Pinout by Location

Pin#i Name !Pin#! Name Fin#§ Name %Pin#; Name Pin#% Name Pin#%Name Pin# 1Name Pint IName
A3  Vgg |C33 GTO |F28 P073 M2  P294 | W5 P277/K2 | AF6 P255|AK3D ‘P154| AN25 P178
A5 Vpp |C35  Vpp | F30 PO74 M4  P305 | W7 P279/K1 |AF30 P149|AK32 P146 | AN27 P172
A7 Vgg | D2 P314/RA8| F32 P083 M6 P307/RAT|W28 P121 |AF32 P147 |AK34 P144| AN29 P164
A9  Vpp | D4 TDI | F34 P080 M30 P095 |W31 P119 |AF34 P132| AL1 Vgg | AN31 P169
A1l Vg | D6 TDO | GI Vs M32 P098 |W33 P118 |AG1 Vgg | AL3 P251| AN33 P156
A13 Vpp | D8 TRST* | G3 P306/RA0 |M34 P100 |W35 P120 |AG3 P256| ALE P238| AN35 Vgs
A5 P024 |D10 PO0B | G5 GC2 N1 Voo Y2 P276 |AGB P252| AL7 P241| AP2 P243
A17 P032 |D12 PO14 | G7 P319/STROBE| N3 P296/CAC| Y4 P274 |AG7 P250| AL9 P235| AP4 P236
A19 P038 |D14 PO21 | GI P003 N5 P301/CA5| Y6 P275/K3 |AG29 P153 | AL11 P227 | AP6 P230
A21 P042 | D16 P026 | G11 P009 N7 P303/CA7 | Y30 P125 |AG31 P151|AL13 P219| AP8 P222
A23 Vgg |D18 P033 |GI13 PO1S N29  P097 | Y32 P123 |AG33 P138|AL15 P211| AP10 P218
A25 Vpp |D200 POMT | Gi5 P023 N31  P099 | Y34 Pi122 |AG35 Vpp |AL17 P203| AP12 P2i4
A27 Vgg |D22 P04 | GI17 PO31 N33  P102  |AA1 Voo |AH2 P254 [AL19 P195| AP14 P212
A28  Vpp (D24 PO57 | G19 P039 N35 Vgs | AA3 P272/GC8|AH4 P253|AL21 P191| AP16 P206
A31 Vgg | D26 P05 |G21 P047 P2 P292 | AA5 P273/K4 |AH6 P244 |AL23 P183 | AP18 P200
A33 Vpp | D28 PO62 | G23 P055 P4 P297/CAT|AA7 P271/GCY[AH30 P155 | AL25 Pi77 | AP20 P194
A35 Vgg |D30 P06 | G25 P063 P6 P299/CA3 [AA29 P129 |AH32 P142|AL27 P168 | AP22 Pi86
B2 RCE D32 PO79 |G27 PO71 P30 P101  |AA31 P127 |AH34 P136|AL29 P158 | AP24 P182
84 TMS | D34 P08l |G29 PO76 P32 P103 |AA33 P124 | AJ1 Vpp |AL3T P152| AP26 P176
B6 POOT | E1 Voo | G31 GT1 P34 P104 |AA35  Vgg AJ3 P248|AL33 P148 | AP28 P170
B8 P005 | E3 P313/RA7|G33 P082 R1 Vgs | AB2 P270/GC10| AJ5 GT3 |AL35 Vpp | AP30 P162
B10 PO10 | E5 P315/P/5| G35 Voo R3 P230 | AB4 P269/GC11| AJ7 P242| AM2 P247 | AP32 P165
B12 P016 | E7 P318MWE | H2 P302/CA6 | R6 P293/G16 | AB6 P267/GT8| AJ9 P237 | AM4 P245| AP34 P161
Bi4 P020 | E3  PO04 | HA P308/RA2 | R7 P295/GT5|AB30 P133 |AJ11 P229| AM6 P232| AR1  Vgg
B16 P028 |E11  POI1 | H6 GT4 R29 P105 |AB32 P131 |AJ13 P221| AM8 P228| AR3 Vg,
B18 P034 [ E13 PO17 |H30 PO78 R31  P107 |AB34 P126 |AJ15 P213|AM10 P231| AR5 Vgg
B20 P0O40 |E15 P025 | H32 P087 R33 P106 |ACT Vgs  |AJ17 P205 [AM12 P223| AR7 Vg,
B22 P046 |E17 P029 | H34 POB8 R35  Vpp | AC3 P268/GC12|AJ19 P197 |AM14 P215| AR9 Vgq
B24 P048 |E19 PO37 | U1 Voo T2 P288 | ACS5 P265/GT9 |AJ21 P189|AM16 P207 | AR1T Vps
B26 P052 |E21 P045 | U3  P304/CA8 | T4 P289/GC4|AC7 P263/GT10{AJ23 P181[AM18 P198 | AR13 Vgy
B28 PO56 |E23 P053 | J5 GC1 T6 P291/GT7 |[AC29 P137 |AJ25 P175|AM20 P192 | AR15 P208
B30 PO064 |E25  PO6I J7 GC3 T30  P109 |AC31 P135 |AJ27 P166|AM22 P187 | AR17 P204
B32 P070 |E27 P06 | J29 P084 T32 P108 |AC33 P130 |AJ29 P159|AM24 P80 | AR19 P198
B34 PO77 |E29 PO75 | J31 P08B T34  P110 |AC35  Vpp |AJ3T P157TAM26 P174 | AR21 P190
C1  Vgg |E31 PO72 |J33 P090 Ut P286 |AD2  P266 |AJ33 P140|AM28 P171| AR23 Vpp
C3 P317/C1| E33 P0O85 | J35 Vgs u3 P284 |AD4  P264 |AJ35 Vgg |AM30 P167 | AR5 Vgg
C5 TCK |E35  Vgg K2  P298/CA2 | U5 P2B5/GC6 |AD6 P261/GT11| AK2 P246 |AM32 P163| AR27 Vg,
C7 P002 | F2 P310/RA4| K4 Voo X U7 P287/GC5 [AD30 P141 | AK4 P249 [AM34 P15C | AR29  Vgg
C9 PO06 | F4 P312/RA6| K6 GCO U28  P113 [AD32  P139 |AK6 P240! ANT Vpp | AR31 Voq
Ci1 PQ012 | F6 P316/CO | K30 P089 U31 P11t |AD34  P128 |AK8 P239! AN3 GT2 | AR33 Vgg
Ci3 PO18 | F8  POOO | Ka2 P092 U3z P112  |AE1 Voo |AK10 P2331 AN5 P234 | AR35 Vg
C15 P022 |F10 P0O7 | K34 PG94 Uas  P114 |AE3  P262 |AK12 P225| AN7 P226

C17 PO30 | F12  P013 | L1 Vas V2 P282 |AE5  P259 |AK14 P217 | AN P224

C19 PO036 |Fi4 P019 | L3 P300/CA4 | V4 P281/KO |AE7  P257 |AK16 P209 |ANT1 P220

C21 P044 | F16  P027 | L5 P309/RA3 | V6 P283/GC7|AE29 P145 |AK18 P201|AN13 P216

C23 PO50 | F18  P035 | L7  P311/RA5 | V30  P117 |AE31 P143 |[AK20 P193[AN15 F210

C25 PO054 | F20 P043 | L29 ELEY V32  P115  |[AE33 P134 |AK22 P185 |AN17 P20Z

C27 P058 | F22  PO51 | L31 P093 V34 P116 |AE35  Vgg |AK24 P17§[ANT9 P196 |

C29 PO60 | F24  P059 | L33 P096 w1 P280 | AF2 P260/GT12|AK26 P173|AN21 F188

C31 P068 | F26  P067 | L35 Voo W3 P278 |AF4  P258 |AK28 P160|AN23 P184
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[QX Family Data Sheet

1QX320 [PBGA/416L] Package Pinout by Name

GCo

AA28

E2 |P043 A18 |PO95 G26 | P147 P199 AF15 P251 AB3 P303/CA7 H3 | Vpp P1
GC1 D1 [P044 E15 [ P096 K24 |P148 W23 [P200 AD14 P252 X5 P304/CA8 L5 | Vpp P26
GC2 C3 |P045 B18 |P097 G27 |P143 AA25|P201 AE15 P253 ACH P305 G1 | Vpp P27
GC3 E3 |[P046 C16 |P098 K25 |P150 Y23 |P202 AB14 P254 X4 P306/RA0 K4 | Vpp R2
GTO D22 | Po47 C18 [ P099 H25 |P151 AC27|P203 AE14 P255 AB2 P307/RA1 G2 | Vpp RS3
GT1 E24 | P048 D16 {P100 L23 |P152 U23 |P204 AC14 P256 w5 P308/RA2 K5 | Vpp V1
GT2 AB5 |P049 B19 |P101 H26 |P153 AB25|P205 AE13 P257 AA3 P309/RA3 G3 | Vpp W2
GT3 AA5 |PO50 E16 |P102 L24 |P154 AA24|P206 AD13 P258 W4 P310/RA4 44 | Vpp W27
GT4 D2 P051 C19 | P103 J25 |P155 AC26|P207 AE12 P259 AA2 P311/RAS F2 | Vpp X1
POO0 D5 [P052 C17 [P104 L25 |P156 AA23|P208 ACI13| P260/GTi2 V5 P312/RA6 J5 | Vpp X24
POO1  E14 |PO53 B20 (P105 J26 |P157 AD25)P209 AE11| P2B61/GT11 Y3 P313/RA7 H5 | Vgg A6
P02 E6 |P054 D17 |P106 M25 | P158 AB23| P210 AB13 P262 V4 P314/RA8 G4 | Vgg A1
PO03  E11 [PO55 C20 |P107 J27 |P159 AC25|P211 AF1)| P263/GT10 Y2 P315/ PSS G5 | Vgg A12
PO04 D6 |PO56 E17 |P108 M23 [P160 AB22 | P212 AC12 P264 v3 P316/CO Fa | Vgg A16 |
PO0O5 E9 |P057 A21 (P109 K26 |P161 AD24|P213 AE1D| P265/GT9 Y1 P317/C1 F5 | Vgg A17
PO0O6 E8 |P0O58 D18 [P110 M24 | P162 AC23|P214 AB12 P266 us P318/WE ES | Vgg A20
P007 C6 |P059 B21 |P111 L2686 |P163 AE25|P215 AD10| P267/GT8 X3 |P319/STROBE D3 | Vgg A22
PO08 E7 |PO60 D19 |P112 N23 |P184 AB21|P216 AC11| P268/GC12 U4 TCK A4 | Vgg AA1
PO09 B6 |PO61 C21 |P113 M26 [ P165 AE24|P217 AES | P269/GC11 X2 TDI B3 | Vgg AA27
PO10 D7 |P0B2 E18 |P114 N24 \P166 AC22|P218 AC10| P270/GC10 U3 TDO C5 | Vgg AE24
PO11 C7 |PO63 B2z |Pt15 N27 |P167 AD23|P219 AD9 | P271/GC3 W3 ™S B4 | Vgg AB26
PO12  E10 | PO64 E13 |P116 P25 | P168 AC21|P220 ACS | P272/GC8 5 TRST* B5 | Vgg AC4
P013  B7 |[P065 C22 |P117 N26 |P169 AF24 | P221 AES P273/K4 W1 Voo A5 | Vgg AC24
PO14 D9 |POB6 D20 |P118 P23 |P170 AB20| P222 AB11 P274 T4 | _AVDD A8 | Vgg AD26
PO15 A7 [P0O87 B23 i P119 R26 |P171 AE23|P223 ADS P275/K3 ve Vbo A10 | Vgg AES3
PO16 D8 |[P068 E20 [P120 P24 [P172 AC20|P224 ACSB pP276 T3 Voo A14 | Vgg AF6
PO17  C8 |P069 A24 |P121 R27 |P173 AD22|P225 AF7 P277/K2 uz2 Voo A19 | Vgg AF8
PO18 D10 |PO70 D21 [P122 R25 {P174 AB19|P226 AB10 P278 R4 Vpp A23 | Vgg AF11
PO19 B8 |PO71 C23 |P123 T26 {P175 AE22|P227 AE7 P279/K1 T2 Voo AB1 | Vgg AF12
PO20 C10 |PO72 E21 1P124 R24 (P176 AC19| P228 ABE P280 R3 Vpp AB27 | Vgg AF18
PO21  C9 (PO73 B24 |P125 U26 | P177 AD21|P229 AD7 P281/K0 R1 Vpo AD11| Vgg AF17
P022 D11 ;PO74 E22 (P126 R23 |P178 AB18|P230 AB¢ p2g2 P3 Vpo AD12| Vgg AF22
PO23 B9 i PQO75 C25 |P127 V27 |P179 AE21|P231 AEE | P283/GC7 P2 Vpp AD15| Vgg 25
| PO24  C11  PO76 C24 |P128 T25 | P180 AC18 P232 AB7 P284 P4 Vop AF5 | Vgg C2
PO25 A9 [PO77 D25 [P129 V26 [P181 AF21|P233 ADE | P285/GCE N1 Vpo AF9 | RCE C4
P0O26 E12 [PO78 E23 |P130 T24 [P182 AD18  P234 AC7 P286 N3 Vpbp AF13| Vgg D4
TP027 B10 PO79 C26 | P131 V25 | P183 AD20, P235 AES | P287/GC5 M2 Voo AF14| Vgg D23
1 PO28 D12 |PO80 F24 |P132 T23 | P1B4 AB17 P236 ACE P288 P5 Voo AF18| Vgg D24
PC29 B11 |P081 D26 |P133 W26 | P185 AE20 P237 AF4 | P289/GC4 L2 Voo AF20| Vgs E4
PO30 Ci12 |P082 G23 |[P134 U25 [ P186 AC17:P238 AB6 P290 N4 Voo AF23| Vgg F1
PO31 B12 |P083 E25 [P135 W25 | P187 AD19 P239 ADS P291GT7 K1 Vpp B13 | Vgg F27
P032 E13 [P084 G24 |P136 U24 |P188 AD17:P240 ACS P292 M3 Voo B15 | Vgg HI1
PO33 A13 |P085 D27 |P137 X26 |P189 AE19:P241 AE4 P293/GT6 K2 Vpp C13 | Vgg U1
S P034 D13 |P086 H23 [P138 V24 |P190 AB16'!P242 AD3 P294 L3 Vpo E1l Vss 27
P035 B14 |P087 E26 |P139 X25 [P101 AF19, P243 AD4 P295/GT5 K3 Vpo E27 | Vgg M1
PO36 C14 |P0B8 H24 |P140 W24 | P192 AC16| P244 AB4 P296/CAQ NS Vpp F23 | Vgg M27
© P037 A15 |P0O89 F25 [P141 Y27 |P193 AE18:P245 AC2 P297/CA1 J2 Vop H27 | Vgg TH
[ PO38 D14 [ PO90 J23 [P142 V23 | P194 AD16 P246 AA4 P298/CA2 M5 Vpp H4 | Vgg T27
" P039 B16 |P091 F26 |P143 Y26 |P195 AE17 P247 ADZ P299/CA3 J3 Vop J1 Vgg Ut
PO40 C15 [P092 J24 [P144 Y24 |P196 AC15 P248 Y5 P300/CA4 M4 Voo K27 | Vgg U27
C P04t B17 |P093 G25 [P145 Y25 | P197 AE16 | P249 ACEZ | P301/CAS H2 Voo N2 | Vgg X27
TP042 D15 [P094 K23 |P146 X23 |P198 AB15 P250 Y4 P302/CA6 L4 Vpp N25 |Vpp.X F3
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I IQX Family Data Sheet ]

10X320 [PBGA/416L] Package Pinout by Location

Pin# |Name Pin# Pin# | Name iPin#% Name  Pin# lName% Pin# |Name

A4 TCK | Ct1 P024 E11  P003 | J24  PO92 | P27 Vpp X3 P267/GT8 |AB26 Vgg |AD26 Vgg
A5 Vpp | C12 P030 E12 P06 | J25 P103 | R1 P281/KO | X4  P254 |AB27 Vpp | AE3 Vg
A6 Vgg | C13 Voo E13 P032 | J26  P105 | R2 Voo X5  P252 | AC1 P253| AE4 P2ai
A7 POi5| Cl4 PO36 Ei4 POOT | J27  P107 | R3 Voo | X23  P146 | AC2 P249| AE5 P235
AB  Vpp | C15 P040 E15  P044 | K1 P29UGT7| R4  P278 | X24  Vpp | AC3 P245| AE6 P23
A9 P025| C16 PO46 E16 P050 | K2 P293/GT6| R5  P280 | X25  P139 | AC4 Vgg | AE7 P227
A0 Vpp | C17 P052 Ef7 P056 | K3 P205/GT5| R23  Pi26 | X26  P137 | AC5 P240| AE8 P221
A1 Vgg | C18 PO47 E18 P062 | K4 P306/RAD| R24  P124 | X27  Vgg | AC6 P236| AE9 P217
A12 Vg | C19 PO51 E1g P064 | K5 P308/RA2| R25  P122 | Y1 P265/GT9 | AC7 P234 |AE10 P213
A13_ P033| C20 PO55 E20 P08 | K23 P094 | R26 P11 | Y2 P263/GTI0| ACB P224 |AET1 P209
Ald Vpp | C21 PO6T E2i PO72 | K24  P096 | R27  P121 | Y3 P261/GT11| AC9 P220|AEIZ P207
A15 P037| C22 P065 E22 PO74 | K25 P098 | T1 Vss Y4  P250 |AC10 P218|AE13 P205
A16  Vgg | C23 PO71 E23 PO78 | K26 P109 | T2 P279/K1 | Y5  P248 |ACi1 P216|AET4 P203
A17  Vgg | C24 P076 E24 GT1 | K27  Vpp | T3 P276 | Y23  Pi50 |AC12 P212|AE15 P201
Al8 P043| C25 PO75 E25 P03 | L1 Vas | T4  P274 | Y24  Pi4d |AC13 P20B|AE6 P197
A19 Voo | C26 PG79 E26 P087 | L2 P289/GC4| T5 P272/GCB| Y25  P145  |AC14 P204 |AE17 P195
A20 Vgg | DI GCi E27 Vpp | L3 P294 | T23  P132 | Y26  P143 |ACi5 P196|AEI8 P193
A21 P057| D2 GT4 F1  Vgg | L4 P302/CA6| Te4  P130 | Y27  Pi41 |AC16 P192 |AE1S P189
A22  Vgg | D3 P319/STROBE| F2 P3i1/RA5| L5 Pa04/CAB| T25  P128 | AA1 Vss |AC17 P186|AE20 P185
A23 Vpp | D4 Vss F3  VppX | L23  P100 | Te6  P123 | AA2  P259 |AC18 P180|AE21 P170
A24 P069| D5 P00O F4~ P316/CO| L24  Pi02 | 127  Vss | AA3  P257 |AC19 P176|AE22 P175
B3 1Dl | D6 PO04 F5 P317/C1| L25  P104 | U1 Vss | AA4  P246 |AC20 P172|AE23 P171
B4 TMS| D7 PO10 F23  Vpp | L26  Pi11 | U2 P277/K2 | AA5  GT3 |AC21 P168|AE24 P165
B5 TRST| D8 PO16 F24 POBO | L27  Veg | U3 P270/GC10|AA23 P156 |AC22 P166 |AE25 P163
B6 P009| D9 PO14 F25 POB9 | M1 Vgg | U4 P268/GC12|AA24 P154 |AC23 P162 | AF4 P237
B7 PO13| D10 PO18 F26  P091 | M2 P287/GC5| U5  P266 |AA25 P149 |AC24 Vgg | AF5  Vpp
B8 PO19| D11 P022 F27  Vss | M3 P292 | U23  Pi52 |AA26 P147 |AC25 P159| AF6 Vgg
B9 P023| D12 P028 G1  P305 | M4 P300/CA4| U24  P136 |AA27  Vgg |AC26 P155| AF7 P225
Bi0 P027| D13 PO34 G2 P307/RA1| M5 P298/CA2| U25  P134 | ABT  Vpg |AC27 P151| AFB  Veg
Bi1 P029| Di4 PO38 G3 P309/RA3 M23  P108 | U26  P125 | AB2  P255 | AD2 P247| AF8  Vpp
Bi2 P031| DI5 PO42 G4 P314/RA8 M24 P110 | U27  Vss | AB3  P251 | AD3 P242 [AF10 P211
Bi3 Vpp | D16 P048 G5 pa15/pA| M25  P106 | V1 Voo | AB4  P244 | AD4 P243 |AF11 Vg
B14 P035| D17 PO54 Gea  PO82 | M26 P13 | V2  P275/K3 | AB5  GT2 | AD5 P239 |AF12 Vgg
B15 Vpp | D18 PO58 Gza  P0sd | M27  Vgs | V3  P264 | AB6  P238 | AD6 P233|AF13 Vpp
B16 P039| DI9 PO60 G25 P093 | N1 P285/GC6| v4  P262 | AB7  P232 | AD7 P229 | AF14 Vi,
B17 P04 | D20 PO66 G26 P09 | N2 Vpp | V5 P260/GT12| AB8 P28 | ADB P223 | AF15 P199
B8 P045| D21 PO70 G27 P097 | N3 P286 | Vo3  P142 | AB9  P230 | AD9 P219|AF16 Vgg
B13 P049| D22 GTO0 HT  Vss | N4  P290 | V24  P138 |AB10 P226 |ADI0 P215|AF17 Vgg
B20 P053| D23 Vss HZ P301/CAB| NS P296/CAO| V25  P131 |AB11 P22 ADI1 Vpp |AF18 Vpp
B21 PO59 | D24 Vss H3 P303/ICA7| N23  P112 | V26  P128 |AB12 P2i4  AD12 Vpp |AF19 P191
B2z P063| D25 PO77 Ha  Vpp | N24  P1i4 | V27  Pi27 |AB13  F210 |ADI3 P206|AF20 Vpp
B23 PO067 | D26 PO81 H5 PBIZ/RA7| N25  Vpp | W1  P273/K4 |AB14  P202 |AD14 P200|AF21 Piai
B24 P073]| D27 PO85 H23 F0B6 | N26  P117 | W2 Vpp |AB15  P198  |AD15 Vpp | AF22 Veg
B25 Vsg | ET Voo H24  P0BB | N27  P115 | W3 P271/GC9:AB16  P190 |AD16 P194|AF23 Vpp
[ C2 Vg E2 GCO H25  P09% | P1 Voo | W4 P258  |AB17  F184 |AD17 P188|AF24 P169
C3 GC2 €3 GC3 H26 P01 | P2 P283/GC7| W5 P256  |ABI8  P178 |ADI8 P182

C4 RCE! E4 Vss H27  Vpp | P3 P28z | W23  Pi48 |ABI9 Pi74 |ADI9 P187

C5 T1DO | E5  P318MWE | J1 Vpp | P4 P24 | w24  P140 |AB20 P170  |AD20 P183

C6 P007 _ E6 P002 J2 P297/CA1| P5  P2ss | W25  P135  |AB21 P14 |AD21 P177

C7 Poil| E7 P00 J3 P299/CA3| P23 P118 | W26 P133  |AB22  P160 |AD22 P173

Cce PO17| EB PO06 J4 PatomA4 P24 P120 | W27  Vpp |AB23  P158 |AD23 P167

Co PO21| E9 P0O05 | J5 P312RA6 P25 P116 | X1 Voo |AB24  Vgg |AD24 P16l

C10 P020| E10 POl2 | J23  PO3G | P26 Vpp | X2 P269/GCT1|AB25  P153 (AD25 P15/
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[ [QX Family Data Sheet

[1QX240B (MQUAD®/304L] Package Pinout

Pin# | Name |Pin#| Name [Pin#i Name |Pin#. Name | Piny Ping Pin# |
" P23Y/ "P212/GCA | 77 TA15 PiSY |
STROBE PAD1
5 P238/ | 40 P211/GC5| 78 Pi81 1 116  P150 | 154 P118| 192 Vpp | 230 PO56| 268 PO25
WE PAD2
3 GCz | 41 P210/GC6| 79 Pi80 | 117  Pi49 | 155 P117| 193 Vgg | 231 PO55| 269 P024
4 P237/C1 | 42 P209/GC7| 80  P179 | 118 Vgg | 156 P116| 194 PO086| 232 PO54| 270 P023
5 GT4 43 P208/KO | 81 P178 119 Vpp PAD3, 157 P115| 195 P085| 233 PO53:¢ 271 P022
& P236/CO | 44 P207/K1 | 82  Pi77 | 120 P48 | 158 Vpp | 196 PO0B4| 234 PO52| 272 PO21
PAD2
7 GC3 | 45 P20B/KZ | 83 Vgs | 121 P147 | 159 Vgg | 187 POBA| 235 Vop, | 273 PG20
PAD1
8 P2a3s5/P/5| 46 P205/K3 | 84 VpnPAD3| 122 Pi46 | 160 P114| 198 POB2| 236 FO051| 274 P019
9 GC1 47 P204/KA | 85  P176 | 123 Pi45 | 161 P113| 199 PO081| 237 PO050| 275 PO18
10 Vss 48~ VppPAD4| 86  P175 | 124  Piad | 162 P112| 200 POBO| 238 P049| 276 PO17
11 P234/RA8! 49 Vss 87  P174 | 125  P143 | 163 P111| 201 PO79| 239 P048| 277 POI6

3 GCO 50 P203/GC8| 88  P173 | 126 Pia3 | 164 P110| 202 PO78| 240 P047| 278 Vgg
13 P233/RA7. 51 P202/GCY| 89  Pi72 | 127  Pi41 | 165 Vpp | 208 PO77| 241  Veg | 279 Vpp
PAD2 PAD1
14 P232/RA6 52 P201/GC10| 90 Ves | 128 P140 | 166 Vgg | 204 PO76| 242 Vpp | 280 PO15

15  P231/RA5| 53 P200/GC11| 9t P171 129 P139 167 P109| 205 PO75| 243 P046| 281 PO14
16 P230/RA4| 54 P199/GC12] 92 P170 130 Vgg 168 P108 | 206 PO74| 244 P045| 282 PO13

17 P229/RA3{ 55 P198/GT8| 93 P169 131 Vpp PAD3| 169 P107| 207 PC73 245 P044| 283 PO12
18 P228/RA2] 56 Vpp 94 P168 132 P138 170 P108| 208 PO72| 246 P043| 284 PO11
19 P227/RAt{ 57 P197/GT9| 95 P167 133 P137 171 P105| 209 POQ71| 247 P042| 285 PO10
20 Vpp 58 P196/GT10| 96 P166 134 P136 172 P104| 210 Vpp | 248 PO41| 286 PO09

21 Vgg 59 P195/GT11, 97 Pigs5 135 P135 173 P103§ 211 Vgg | 249 P040( 287 POOB
22 P226/RA0| 60 VppPAD4; 98 P164 136 P34 174 P102| 212 P070| 250 PO039| 288 PO0O7
23 pP225 61 Vgs 99 P163 137 P133 175 P101| 213 P069| 251 PO38| 289 Vgg

24 P224/CAB| 62 P104/GT12] 100  Vgg | 138  Pi32 | 176 P100| 214 PO68| 252 Vgg | 290 PO06
25 P223/CA7| 63  P193 | 101 VpoPAD3, {39  P131 | 177 P099| 215 PO67| 253 Vpp | 291 POO5
PAD1
26 P222/CA6| 64  P192 | 102 P162 | 180  Pi30 | 178 Vpp | 216 P066| 254 PO37 | 292 P0O4

: PAD2
27 P221/CA5| 65  P191 | 103  Pi61 | 141  Pi29 | 179 Vgg | 217 PO65| 255 PO36| 293 P003
28 VppX | 66 P190 | 104  Pi60 | 142  Pi28 | 180 P098| 218 POBA | 256 P035| 204 THST-
20 P220/CA4| 67  P189 | 105  Pi59 | 143 Pi27 | 181 P097| 219 P03 | 257 PO34| 295 POOZ
30 P219/CA3| 68  Pi88 | 106  P158 | 144  Pi26 | 182 P096| 220 PO62| 258 PO033 | 296 Vgs
31 P2ie/CAZ| 69  Pi87 | 107  Pi57 | 145  Pi25 | 183 PO095| 221 Vpp | 259 P032| 297 Vpp

PAD2 PAD1
32 P217/CA1| 70 P186 108 P156 146 Vss 184 P094y 222 Vgg | 260 P0O31| 288 TCK
33 P216/CAQ| 71 Vgg 109 P155 147 Vpp PAD3| 185 P093| 223 PO61| 261 FP0O30| 289 TDO

34 P215/GT5| 72 P185 110 P154 148 P124 186 P092| 224 PO60| 262 P029| 300 POO1
35 VppPAD4| 73 P184 111 P153 149 P123 187 PO9t| 225 P059| 263 P0O28| 301 TMS
36 Vss 74 P183 112 Vgs 150 P122 188 PQ90| 226 PO58| 264 P027| 302 TDI

37 P214/GT6| 75 P182 113 Voo 1 151 P21 189 PO89| 227 PO057) 265 P026| 303 PO0O
38 P213/GT7| 76 GT3 114 P152 | 152 P120 190 PO088| 228 GTt1 | 266 Vgg | 304 RCE }
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l IQX Family Data Sheet

10X240B [MQUAD®/3041.] Package Pinout
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I IQX Family Data Sheet

1QX160 IMQUAD® and PQFP/208L] Package Pinout

TDI 53 GT2 105 PO79 157 GTO0

1
2 P159/STROBE| 54 P121/K1 106 PO78 158 PD37
3 P158/WE 55 P120/K2 107 PO77 159 P036
2 P157/C1 56 P119 108 PO76 160 F035
5 P156/C0 57 P118 t 109 PO75 161 P034
3 RCE | 58 P117/K3 170 PO74 162 F033
7 GC1 59 P116/K4 177 Vs 163 Vas
8 Vpp PAD2 60 Vss 112 PO73 164 Vpp PADT
9 Vas 1 Vop PADZ | 113 PO72 165 F032
0 GCO 62 P115/GC8 | 114 PO71 166 PO31
11 P155/RA7 63 P114/GCY | 115 PO70 167 F030
2 P154/RAB 64 F113 116 P069 168 F029
13 P153/RA5__| 66  P112/GCI0 | 117 PO68 169 FO28
14 P152/RA4 66 P111/GC11 | 118 Vas 170 P027
15 Pi51/RA3 | 67  PI10/GC12 | 119 Vpp PADI 71 Vas
16 P150/RA2 | 68 Vsg 120 P067 172 P026
17 P149/RAT | 69 P109/GT8 | 121 P0G6 173 P025
18 Vss 70 P108/GTY | 122 P065 174 FoZ24
19 P148/RAA0 73 P107 123 PO64 175 P023
20 P147/CA7 | 72 P10/GTI0 | 124 P063 176 P022
21 P146/CA6 73 P105/GTi1 | 125 P062 77 F021
22 P145/CAS 74 PI0A/GT1Z | 126 Vss 178 Vas
23 Vss 75 Vss 127 POB1 179 P020
24 P144/CA4 76 P103 128 P060 180 PO19
|25 P143/CA3 77 P102__ | 129 P059 181 Foi8
26 P142/CA2 78 P101 130 PO58 82 PO17
37 P141/CAT 79 Voo PAD2 | 131 P057 183 PO16
28 P140/CAQ 80 P100 132 PO56 784 PO15
29 Voo 81 P099 133 Voo ES Vas
30 P139/ P/5 82 P098 134 Vsg 186 Vpp PAD1
kIl Vgs i 83 Vsg 135 P055 . 187 PO14
3z P138/GC2 84 P097 136 POs4 | 188 P03
33 P137/GC3 85 P036 | 137 P053 189 Poi2 |
34 P136 86 P095 138 P052 190 POT1 ‘
35 P135__ | 87 P0g4 | 139 PO51 191 POI0_
36 P134/G14 88 P0G3 | 140 PO50 | 192 PO09 |
37 P133/GT5 | 89 F0gz | 141 Ves 193 Ves |
38 Ves | 90 Vss 142 P04g 194 PoC8
39 Pi32/GT6 | 91 P0g1 143 P048 195 P007
40 P131/GT7 92 P090 144 PO47 196 P006
47 P130 | 93 P089 145 P046 197 P005
42 P29 94 P088 146 P04s 198 PO04
a3 P128/GC4 95 P087 147 £044 199 Vss
44 P127/GCS 96 PO86 148 Voo X 200 F003
45 Vip PAD2 97 Vss 149 Vas 201 P002
46 Ves | 98 Vpp PAD2 | 150 P043 202 PoOT
a7 P126/GC6 39 P085 151 P042 203 P00
|48 P125/GC7 100 P084 152 PO41 204 TRST
49 P124 701 Po83 | 153 P040 205 Vpp PADT
50 P123 162 PO82 154 P039 206 TCK
51 P122/K0 103 PO81 155 PO38 207 TDO
| 82 GTa 104 PO80 156 GT1 208 T™MS
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IQX Family Data Sheet

10X160 [MQUAD® and PQFP/208L] Package Pinout
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IQX Family Data Sheet

10X128B [MQUAD® and PQFP/184L] Package Pinout

TDI Voo Vo PADT GTO
2 P127/STROBE| 48 GT2 94 P063 140 P029
3 P126/WE 49 P097/K1 95 P062 141 P028
4 P125/C1 50 P096/K2 96 P061 142 P027
5 P124/C0O 51 P095/K3 97 P0O60 143 P026
6 RCE 52 P094/K4 98 P059 144 P025
7 GCA 53 Voo 99 Ves 145 Vss
8 Vpp PAD2 54 P093/GC8 100 P058 146 Vpp PAD1
9 Vsg 55 P092/GC9 101 P057 147 P024
10 GCO 56 PO91/GC10 102 P0O56 148 P023
11 P123/RA6 57 PO90/GCI1 103 P055 149 P022
12 P122/RA5 58 P089/GC12 104 P054 150 P021
13 P121/RA4 | 59 Vss 105 Vss 151 Ves
1a P120/RA3 | 60  VpnPAD2 | 106  VppPADI | 152 P020
15 P119/RA2 61 P088/GT8 107 P0O53 153 P019
16 P118/RA1 62 PO87/GT9 108 P052 154 P018
17 Vss 63 P086/GT10 109 P051 155 PO17
18 Vpp PAD2 64 P0O85/GT11 110 PO50 156 Vgg
19 P117/RA0 65 P084/GT12 111 P049 157 Vpp PADY
20 P116/CA6 66 Vsg 112 Vgg 158 PO16
21 P115/CAS 67 P083 113 Po48 159 P015
22 Vgg 68 P0og2 114 P047 160 PO14
23 P114/CA4 69 Po81 115 P046 161 PO13
24 P113/CA3 70 P080 116 P045 162 Vsgs
25 P112/CA2 71 PO79 117 P044 163 PO12
26 P111/CA1 72 Vss 118 Voo 164 PO11
27 P110/CAD | 73 VppPADZ | 119 Vss 165 PO10
28 Vop 74 P078 120 P43 166 P0o09
29 P1ogt/ PIS 75 Po77 121 P042 167 Vgs
30 Vss 76 PO76 122 P04 168" Vpp PADT
31 P1081/GC2 77 PO75 123 P040 169 P008
32 P1071/GC3 78 PO74 124 PO39 170 P007
33 P1061/GT4 79 Vgg 125 Vgs 171 P006
34 P105+/GT5 80 P073 126 P038 172 PO05
35 Vss 81 P072 127 P037 173 P004
36 P1044/GT6 82 PO71 128 P036 174 Vsg
37 P1031/GT7 83 PO70 129 P035 175 P003
38 P1024+/GC4 84 P069 130 P034 176 P002
39 P101/GC5 | 85 Vas 131 Voo X 177 F001
30 Voo PADZ | B6  VppPADz | 132 Vss 178 PG00
41 Vss 87 PO68 133 P033 179 TRST"
42 P100/GC86 88 P0O67 134 P032 180 Vpp PAD1
43 P099/GC7 89 POE6 135 P0O31 181 TCK
44 P098/K0 90 P06S 136 P030 182 Vgs
45 GT3 91 Ve 737 VppPAD1 | 183 TDO
i 48 Vss 92 Po64 138 GTH1 184 ™S
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1QX Family Data Sheet

1Q0X128B [MQUAD® and PQFP/184L] Package Pinout
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1QX Family Data Sheet

10X96 IMQUAD®, TQFP and PQFP/144L] Package Pinout

Name ! Pin# ’ Name
1 TDI 37 GT2 73 P047/GC8 109 GT0
2 P095/STROBE| 38 P073 74 P046/GCY 110 Po21
3 PO94/WE 39 Po72 75 Vgg 111 P020
4 P093/CH1 40 P071 76 P045/GC10 112 RCE
5 P092/CO 41 PO70 77 P044/GC11 113 Vpp.PAD1
6 Vss 42 Vgg 78 P043/GC12 114 P019
7 GC1 43 Vpp-PAD2 79 P042/GT8 115 PO18
8 Vpp-PAD2 44 PO69 80 Vss 116 P017
9 Vss 45 POE8 81 Vpp-PAD1 117 PO16
10 GCo 46 Po67 82 PO41/GT9 118 Vss
11 P091/RA6 47 PO66 83 P040/GT10 119 PO15
12 PO90/RAS 48 Vss 84 PO39/GT11 120 PO14
13 P089/RA4 49 P065 85 P038/GT12 121 P0O13
14 P088/RA3 50 P064 86 Vss 122 P012
15 POB7/RAZ 51 PO63; P/5 87 P037 123 Vss
T PO86/RA1 52 P062/GC2 88 P036 124 PO11
17 Vss 53 Vss 89 P035 125 P010
18 PO85/RA0 54 P061/GC3 90 P034 126 P009
19 P084/CA6 55 P0B0/GT4 91 Vpp-PAD1 127 P008
20 POB3/CA5 | 56  VppPADZ | 92 Vss 128 Vss
21 Vss 57 PO59/GT5 93 P033 129 Vpp PADA
22 P082/CA4 58 PO58/GT6 94 P32 130 P007
23 P081/CA3 59 Vss 95 P031 131 P006
24 PO80O/CA2 60 POS7/GT7 96 P030 132 P005
25 P079/CA1 61 P056/GC4 97 Vss 133 P004
26 PO78/CAC 62 P0O55/GC5 98 P029 134 Vss
27 Vpp-PAD2 63 P054/GC6 99 P028 135 P0O03
28 Vgs 64 Vss 100 P0O27 136 P002
29 P077 65 P053/GC7 101 P026 137 P0O01
30 Vss 66 P052/K0 02 Voo 138 PO0C
31 PQ76 67 PO51/K1 103 Vss 139 Vss
32 P0O75 68 PO50/K2 104 P025 140 TRST”
33 Voo 69 Vss 705 PO24 143 Vpp X
34 Vss 70 Voo 106 P023 142 TCK
35 P074 71 P049/K3 107 Po22 143 TDO
36 GT3 72 PO48/K4 108 GT1 144 ™S
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1QX Family Data Sheet

10X96 IMQUAD®, PQFP and TQFP/144L Package] Pinout
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IQX Family Data Sheet

10X64B [MQUAD®, PQFP and TQFP/100L] Package Pinout

Name i Pin# |
1 TDt 26 GT3 51 P030/GC9 76 y PO13
2 PO63/STROBE| 27 GT2 52 Vss 77 PO12
3 P062/WE 28 Vg 53 P029/GC10 78 RCE
4 P081/CH 29 Vpp.PAD2 54 P028/GC11 79 PO11
5 PO60/CO 30 Vss 55 P027/GC12 80 PO10
6 GCt 31 P047/ P/S 56 P026/GT8 81 P009
7 Vpp PAD2 32 P046/GC2 57 Vss 82 POO0B
8 Vss 33 Vss 58 P0O25/GTS 83 Vss
9 GCO 34 P045/GC3 59 P024/GT10 84 P007
10 PO59/RA5 35 P044/GT4 60 P023/GT11 85 PO06
11 P0O58/RA4 36 PO43/GT5 61 P022/GT12 86 P005
12 P0O57/RA3 37 P042/GTE 62 Vss 87 P0O04
13 PO56/RA2 38 Vss 63 PO21 88 Vss
14 P0O55/RA1 39 P041/GT7 684 P0O20 89 Vpo.PAD1
15 Vss 40 P040/GC4 65 PO19 90 P00O3
16 P0O54/RA0 41 P039/GC5 66 PO18 91 P002
17 POS3/CAS 42 P038/GC6 67 Vpp.PAD1 92 Vss
18 Vss 43 Vss 68 Vss 93 P00
19 P052/CA4 44 P0O37/GC7 69 P0O17 94 PO0O
20 P0O51/CA3 45 P0O36/K0O 70 PO16 95 Vss
21 PO50/CA2 46 PO35/K1 71 Vss 96 TRST"
22 PO49/CA1 47 PO34/K2 72 PO15 97 Vpp X
23 P048/CAQ 48 PO33/K3 73 PO14 98 TCK
24 Ves 49 P032/K4 74 GT1 99 TDO
25 Voo 50 PO31/GC8 75 GTO 100 T™MS
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IQX Family Data Sheet

1QX64B [MQUAD® and PQFP/100L Package] Pinout
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IQX Family Data Sheet

IQX64B [TQFP/100L Package] Pinout
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1QX Family Data Sheet

1QX320 [PPGA/391L]

Package Dimensions Top View
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IQX Family Data Sheet

10X320 [PBGA/416L]
Package Dimensions

Top View
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0.50 ; 19.0 15002

(0.0187) o (0.748) - 0.059 .0079)
i [SJeelore] TOO00 ¥

o ; . Cross-sectional View

(0.0236)

AF D0000CCO0O0000000CCO0 1.27 mm.
AE 00000CCO0000000QCOCO000 (0.050) (in.)
AD 000000QOOL00000000C0000000 1

AC | DOODOOOOCOVO00O00000COO0OQ0

AB | OO00000CO000000000COOCYOOQ0 1y

AA L OOOO0O 0CO00
Y1 00000 Q0000
X1 0000 QOOQ0O
w1 00000 CO00GC
(A gelelelele] QCOCO
Ul Q0000 00000
T S000C QCoQ0
Rl Q0000 QOT00
P SO000 CCO00
N1 SO000 OCO00
L elelelele) CO0Q0
L SO000 OCOQ0
K| CCO00 Q0000
J | ©CO00 OCoCO
H| 20000 Q00CO
G| CCOOO OCo00
Fl CCO00 O0C0CT
E| OCO0000Q00000C00000000000CC
0| ©CCTQOO00000QOCQO000000000C
C CCoOOO00000000C00000000C00C
B CCOOOO000C00000O00000C0O
A olelolelelelololololelelclolololololelole]

v-Nm«flnmr\mmg:gg:fgtev_“‘a%a§ggki
— 35
(1.378)
Bottom View (Ball Side)
Note: Use “mm” as the controlling dimension.
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MQUAD Package £
1,2 E1
\

Dimensions

2 -

r !
|
i

Vent Cap(3)

Top View

[ S
JOS —

w Side View X

(G ¥ )
Dimension in
(1R 115 S
! N U [ i )
- i 0.10
L e o £ (0.004))
Detail W Detait X

Notes: (1) Use “mm” as the controlling dimension
(2) MQUAD - Metal Quad Flat Package

P age Dimensio QUAD/30 QUAD/I208 QUAD/184 QUAD/144 QUAD/100
D
A max 0172 | 438 | 0156 | 396 | 0.156 | 3.96 [ 0.152 | 3.96 | 0.128 | 3.26
Al min 0010 | 025 | 0.014 | 035 | 0.014 [ 035 | 0.014 | 0.35 | 0.011 0.28
max 0.020 | 0.5t 0.021 053 | 0.021 0.53 | 0.021 053 | 0.019 | 048
A2 min 0.144 | 366 | 0125 | 318 | 0.125 | 3.17 | 0125 | 3.17 | 0.099 | 2.51
max 0154 | 392 | 0135 | 343 | 0.135 | 343 | 0.135 | 3.43 | 0.109 | 2.78
D min 1.669 | 4246 | 1.197 | 3045 | 1.220 | 31.00 | 1.219 | 30.95 | 0.904 | 22.95
max 1685 | 42.87 | 1.213 | 30.86 | 1.236 | 31.40 | 1.238 | 31.45 | 0.923 | 23.45
D1 min 1.558 | 3964 | 1.086 | 27.63 | 1.086 | 27.59 | 1.086 | 27.59 | 0.779 | 19.74
max 1566 | 39.84 | 1.094 | 2783 | 1.094 | 27.79 | 1.094 | 27.79 | 0.781 | 19.84
E min 1.669 | 4246 | 1.197 | 3045 1.22 | 31.00 | 1.219 | 30.95 | 0.667 | 16.95
max 1.685 | 42.87 | 1.213 | 30.86 ; 1.236 | 31.40 [ 1.238 | 3145 | 0.687 | 17.45
E1 min 1.558 | 39.64 | 1.086 | 27.63 | 1.086 | 27.59 | 1.086 | 27.59 | 0.541 | 13.74
max 1.566 | 3984 | 1.094 | 27.83 | 1.094 | 27.79 | 1.094 | 27.79 | 0.545 | 13.84
L min 0.020 | 0.51 0.020 | 0.51 0.020 | 050 | 0.029 | 0.73 | 0.029 | 0.73
max 0.030 | 0.76 | 0.030 | 076 | 0.030 | 0.75 | 0.041 1.03 | 0.041 1.03
B min 0.007 | 0.18 | 0.006 | 0.15 | 0006 | 0.16 | Q009 | 022 | 0.009 | 0.22
max 0.011 0.28 | 0.011 028 | 0.011 027 | 0.014 | 035 | 0.014 | 0.35
e BSC. 0.0197| 050 |0.0197 | 050 10.0197 | 0.50 |0.0256| 0.65 |0.0256| 0.65
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PQEFP Package — &
St E1 .
Dimensions (1'% ) .
®
|
i
i
b1 D
i
Top View
w Side View X
8-12j
AAZ ; R A Dimension in
0;7| o . ',»A1‘ o ;  '(Tnn;
' - - ! S 0.10
LT o B CD (0.004):
Detail W Detail X

Notes: (1} Use “mm” as the controlling dimension

P ge D o PQFP/20 PQFP/184 PQFP/144 QFP
A max 0.157 | 399 [0.157 | 399 [0.157 | 3.99 | 0.130 | 3.30
Al min 0.010} 0.25 [ 0.010 | 0.25 [ 0.010] 025 [ 0.011 | 0.27

max 0.017 | 043 [ 0017 | 043 [0017| 0.43 [0.017 | 043
A2 min 0.135| 3.43 | 0.135 3.43 [ 0.135| 3.43 | 0.102 | 2.60
max 0.140 | 3.56 | 0.140 | 3.56 | 0.140 | 3.56 | 0.110 | 2.80
D min 1.195 [ 30.40 [ 1.219 | 31.01 | 1.219 | 31.01 | 0.903 | 22.95
max 1.215 | 30.91 | 1.238 | 31.49 | 1.238 | 31.49 | 0.923 | 23.45
D1 min 1.098 [ 27.93 | 1.098 | 27.93 | 1.098 | 27.93 | 0.783 | 19.90
max 1.106 | 28.14 | 1.106 | 28.14 | 1.106 | 28.14 | 0.791 | 20.10
E min 1,195 | 30.40 [ 1.219 | 31.01 | 1.219 | 31.01 | 0.667 | 16.95
max 1,215 [ 30.91 [ 1.238 | 31.49 | 1.238 | 31.49 | 0.687 | 17.45
E1 min 1.098 | 27.93 [ 1.098 | 27.93 | 1.098 | 27.93 | 0.547 | 13.90
max 1.106 | 28.14 | 1.106 | 28.14 ; 1.106 | 28.14 | 0.555 | 14.10
L min 0.018 | 0.46 10.029 | 0.74 | 0.029 | 0.74 | 0.023 | 0.60
max 0.030 | 0.76 ' 0.041 | 1.04 |[0.041 | 1.04 | 0039 1.00
B min 0.006 | 0.15 0.006 | 0.15 [0.009 | 0.23 | 0.01 | 0.25
max 0011 | 028 10011 ] 028 [0.014| 036 | 0.014 | 0.35
e BSC. [0.0197| 0.50 0.0197| 0.50 |0.0256| 0.65 |0.0256| 0.65
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TQFP Package
E
Dimensions {1- 2 s S —
K
: i
i
-
I [
i i
i 1Dt D
i i
i i
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i i
i [
i i
i i
S o
S romvi T -
S [ e L
w Side View X
12° Typ.
- , .
1"” > T
0.7 Fern . A
i { I
L3 o T e
L e
Detail W Detail X

Notes: (1) Use “mm” as the controlling dimension

Package Dimension TQFP/144L TQFPN

Table inch mm inch mm

A max 0.063 | 1.60 | 0.063 1.60
Al min 0002 | 005 | 0.002 | 0.05
max 0.006 | 0.15 | 0.006 | 0.15

A2 min 0.053 | 1.35 | 0.053 1.35
max 0.057 1.45 | 0.057 1.45

D min 0.858 | 21.80 | 0.622 | 15.80
max 0.874 | 22.20 | 0.638 | 16.20

D1 min 0.783 | 1990 ;| 0.547 | 13.90
max 0.791 | 20.10 | 0.555 | 14.10

E min 0.858 | 21.80 | 0.622 | 1580
max 0.874 | 22.20 | 0.638 | 16.20

E1 min 0.783 | 19.90 | 0.547 | 13.90
max 0.791 20.10 | 0.555 | 14.10

L min 0.018 | 0.45 | 0.012 | 0.30
max 0.030 | 0.75 | 0.028 | 0.70

B min 0.007 | 0.17 | 0.007 | 0.17
max 0.011 Q27 0.111 0.27

e BSC. 0.0197 | 0.50 |0.0197 | 0.50
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Package Thermal Characteristics

Sia POEP  "1Q b PUFP QFF  PUEP AD PG a0 11 PEGA
S 5 q 00 p . b 8
O,c 7.0 104 | 68 | 63 | 85 | 66 66 | 30 [ 20
Q) 40.3 381 | 388 | 252 | 297 | 37.4 366 | 147 | 111
EN 315 336 | 298 | 235 | 252 | 263 274 | 119 | 87
N 25 321 | 246 | 197 | 238 | 242 240 | 107 | 7.9
Oy 22 309 | 218 171 227 [ 217 214 97 | 70 -
Table 14: Package Thermal Coefficients
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Appendix A -Tables for Determining Die Pad to I/O
Port Pin Mapping and Locations of Real SRAM Cell

The following tables help determine the locations of the real SRAM cells in the
Switch Matrix. The SRAM cell controlling the connection between [/Q Port “i” and
1/0 Port “j” is determined as follows:

Get the Index values corresponding to [/O Port numbers “i” and “j”. If the index val-
ue for “i” is greater than index value for “j”, then the SRAM cell has the row (word)
address i* and column (bit) address j*, otherwise it has row address of * and column
address of i*. The numbers i* and j* represent the /O Port locations on the die.

Example 1: On the TQXY6, the SRAM cell controlling the connection between 1/0
Port 10 and [/O Port 50 is at location: Row address = 10, Column Address = 50

Example 2: On the IQX160, the SRAM cell controlling the connection between I/0
Port 20 and 1/0 Port 100 is at location: Row address = 100, Column Address = 20

Example 3: On the IQX240B, the SRAM cell controlling the connection between 1/0
Port 80 and 1/0 Port 180 is at location: Row address = 241, Column Address = 110.
Note that the IQX240B is a bondout version of 1QX320 die, and the 1/0 Ports 80 and
180 on the device package are the I/0O Ports 110 and 241 respectively.

Table A-1: IQX96 and IQX64B Table

Die PAD Die PAD Dle PAD Dle PAD
QXedB s} B Q B 648
0 Po ¢ oP 9 0P © 0P
0 O Po O Po 0

0 0 2 24 - [3) 48 32 95 72 - 93
1 6 25 - 4 49 33 91 73 - 89
2 - 10 26 - 8 50 34 87 74 - 85
3 - 14 27 16 12 51 35 83 75 - 81
4 2 18 28 - 16 52 36 79 76 - 77
5 3 22 29 17 20 53 37 75 77 - 73
6 - 26 30 - 24 54 38 71 78 48 69
7 - 30 31 - 28 55 39 67 79 49 65
8 - 34 32 - 32 56 40 63 80 50 61
9 38 33 - 36 57 41 59 81 51 57
10 42 34 18 40 58 42 55 82 52 53
1 - 46 35 19 44 59 43 51 83 53 49
12 4 50 36 20 48 60 44 47 84 - 45
13 5 54 37 21 52 61 45 43 85 54 41
14 6 58 38 22 56 62 46 39 86 55 37
15 7 62 39 23 60 63 47 35 87 56 33
16 8 €66 40 24 64 64 - 31 88 57 29
17 9 70 41 25 68 65 - 27 89 58 25
18 10 74 42 26 72 66 - 23 20 &8 21
19 11 78 43 27 76 67 - 19 91 - 17
20 12 82 44 28 80 68 - 15 92 60 13
21 13 86 45 29 84 69 - " 93 61 9

22 14 90 46 30 88 70 - 7 94 62 5

23 15 94 47 31 92 71 - 3 95 63 1
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Table A-2: IQX160 and IQX128B Table

Die PAD Die PAD Die PAD Die PAD
d QX1288 d  1Qx1288 Q BB

Q 0 “®* lax160 1O ae

O Po 0 Po of
0 0 2 40 - 0 80 64 189 120 96 157
1 1 6 41 - 4 81 65 156 121 97 153
2 2 10 42 32 8 82 66 151 (122 98 149
3 3 14 43 33 12 83 - 147|123 - 145
4 4 18 44 34 16 84 67 143 [124 - 141
5 5 22 45 35 20 85 68 139 [125 99 137
6 6 26 486 36 24 86 69 135 (126 100 133
7 7 30 47 - 28 87 70 131|127 101 129
8 8 34 48 37 32 88 71 127 |128 102 125
9 9 38 49 38 36 89 - 123 (129 - 121
10 10 42 50 39 40 90 72 119 |130 - 117
11 - 46 51 40 44 91 73 115 1131 103 113
12 - 50 52 - 48 92 74 111 1132 104 109
13 11 54 53 41 52 93 75 107 (133 105 105
14 12 58 54 42 56 94 76 103 134 106 101
15 13 62 55 43 60 95 - 99 135 - 97
16 14 66 56 44 64 96 77 95 136 - 93
17 - 70 57 45 68 97 78 91 137 107 89
18 - 74 58 46 72 98 78 87 138 108 85
19 15 78 59 - 76 99 80 83 139 109 81
20 16 82 €0 47 80 100 81 79 140 110 77
21 17 86 61 48 84 101 - 75 141 111 73
22 18 90 62 49 88 102 82 71 142 t12 69
23 - 94 63 50 92 103 83 67 143 113 65
24 - 98 64 51 96 104 84 63 144 114 61
25 19 102 |65 - 100 105 85 59 145 115 57
26 20 106 |66 52 104 (106 86 55 146 116 53
27 21 110 |67 53 108 |107 - 51 147 - 49
28 22 114 |88 54 112 108 87 47 148 117 45
29 - 118 (69 55 116|109 88 43 149 118 41
30 - 122 |70 56 120 |10 89 39 150 119 37
31 23 126 |71 - 124 111 90 35 151 120 33
32 24 130 |72 57 128 |112 91 31 152 121 29
33 25 134 73 58 132 |13 - 27 153 122 25
34 26 138 74 59 136 (114 92 23 154 123 21
35 27 142 |75 60 140 {115 93 19 155 - 17
36 28 146 |76 61 144 116 94 15 156 124 13
37 29 150 |77 62 148 (117 95 1" 157 125 9
38 30 154 |78 63 152 118 7 158 126 5
39 31 158 |79 - 156 (119 - 3 159 127 1
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Table A-3: 1QX320 and IQX240B Table

Die PA Die PA Die PAD Die PAD
a Q i d 0 d Q ax240
Q O Po O Po Q QX320 | I/Q Pa
0O Po Po O Po O Po
o} - 2 40 30 1162 |80 - 0 120 90 160
1 0 6 41 3 1166 |81 60 4 121 91 164
2 - 10 42 32 1170 |82 - 8 122 92 168
3 1 14 43 33 174 |83 61 12 123 93 172
4 - 18 44 34 178 (84 - 16 124 94 176
5 2 22 45 35 182 (85 62 20 125 a5 180
6 - 26 46 36 186 (86 - 24 126 96 184
7 3 30 a7 37 190 (87 63 28 127 97 188
8 - 34 48 38 194 (88 - 32 128 98 192
9 4 38 49 38 198 (89 64 36 129 a9 196
10 - 42 50 40 202 |90 - 40 130 100 200
i1 5 46 51 41 206 |91 65 44 131 10 204
12 - 50 52 42 210 |92 - 48 132 102 208
13 6 54 53 43 214 193 66 52 133 103 212
14 - 58 54 44 218 |94 67 56 134 104 216
15 7 62 55 45 222 |95 68 60 135 105 220
16 8 66 56 - 226 |96 - 64 136 106 224
17 9 70 57 46 230 |97 69 68 137 107 228
18 10 74 58 - 234 |98 - 72 138 108 232
19 11 78 59 47 238 |99 70 76 139 109 236
20 12 82 80 - 242 (100 - 80 140 - 240
21 13 86 61 48 246 |101 71 84 141 110 244
22 14 90 62 - 250 |102 72 88 142 - 248
23 15 94 63 49 254 103 73 92 143 111 252
24 - 98 64 - 2568 (104 74 96 144 - 256
25 16 102 (65 50 262 |105 75 100 (145 112 260
26 17 106 |66 - 266 |106 76 104 (146 - 264
27 18 110 |67 51 270 (107 77 108 (147 113 268
28 19 114 (68 - 274 108 78 112 {148 - 272
29 20 118 (69 52 278 |109 79 116 (149 114 276
30 21 122 |70 - 282 |110 80 120 |150 - 280
31 22 126 (71 53 286 |111 81 124 |151 115 284
32 23 130 |72 290 |112 82 128 |152 288
33 24 134 |73 54 294 113 83 132 |153 116 292
34 - 138 |74 298 |114 84 136 |154 - 296
35 25 142 |75 55 302 |115 85 140 155 117 300
36 26 146 |76 56 306 |116 86 144 156 - 304
37 27 150 |77 57 310 |17 87 148 [157 118 308
38 28 154 |78 58 314 118 88 152 |158 - 312
39 29 158 |79 59 318 |119 89 156 (159 119 316
160 - 319|200 149 159 240 - 317 |280 - 157
161 120 315|201 150 155 241 180 313 |28t 208 153
162 31t 202 151 151 242 181 309 |282 149
163 121 307 {203 152 147 1243 182 305 |283 209 145
\‘164 - 303 204 153 143 |244 301 284 - 141
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Die PAD Die PAD Die PAD Die PAD

Q d Qx24 d QX240 d 0

0 Pa X 1ax320 | 110 Po e Pa “* a Po ¢

O Po O Po O D

165 122 299 (205 154 139 |245 183 297 |[285 210 137
166 - 295 1206 155 135 |246 - 293 (286 - 133
167 123 291 207 156 131|247 184 289 1287 211 129
168 - 287 {208 157 127 (248 - 285 (288 - 125
169 124 283 1209 158 123 (249 185 281 (289 212 121
170 - 279 210 159 119 [250 - 277 (280 - 117
171 125 275 (211 160 115 (251 186 273 (291 213 113
172 - 271|212 181 111|252 - 269 (292 - 109
173 126 267 213 162 107 {283 187 265 [293 214 105
174 - 263 |214 163 103 |254 188 261 (294 - 101
175 127 259 |215 164 99 255 189 257 (295 215 97
176 - 255 |216 165 95 256 190 253 (296 216 93
177 128 251|217 166 91 257 191 249 1297 217 89
178 - 247 |218 167 87 258 192 245 |298 218 85
179 129 243 |219 168 83 259 193 241 1299 219 81
180 - 239 220 169 79 260 194 237 300 220 77
181 130 235 (221 170 75 261 195 233 (301 221 73
182 131 231 (222 - 71 262 - 229 (302 222 69
183 132 227 |223 171 7 263 196 225 (303 223 65
184 133 223 224 - 63 264 - 221 304 224 61
185 134 219 225 172 59 265 197 217 |305 225 57
186 135 215 |226 - 55 266 - 213 |306 226 53
187 136 211 (227 173 51 267 198 209 (307 227 49
188 137 207 (228 - 47 268 199 205 (308 228 45
189 138 203 (229 174 43 269 200 201 (308 229 41
190 139 199 (230 - 39 270 201 197 |[310 230 37
191 140 185 |231 175 35 271 202 193 |31 231 33
192 141 191 232 - 31 272 203 189 (312 232 29
193 142 187 |233 176 27 273 204 185 |313 233 25
194 143 183 |234 - 23 274 - 181 (314 234 21
195 144 179 |235 177 19 275 205 177 |315 235 17
196 145 175 |236 - 15 276 - 173 |316 236 13
197 146 171|237 178 11 277 206 169 317 237 9
198 147 167 |238 - 7 278 - 165 [318 238 5
[Igg 148 163 |239 179 3 279 207 161 319 239 1

Page 70 July 1996 I-Cube, Inc.




[QX Family Data Sheet J

Component Availability and Ordering Information

The following table lists the IQ devices and the different package options, speed grades and operating
temperature ranges that will be available. Contact [-Cube Marketing for more up-to—date information on
the current product availability.

Package ! Pins |

Code| PQ100 MQ100 TQ100 PQ144 MQ144 TQ144 PQ184 MQ184 PQ208 MQ208 | MQ304 FP331 PB416
QX320 -15 C. (o]

1QX2408| 15 : o - j T

1QX160 -18 | - . C.1 [+N)

0 - ; - C.1 C.1

10X1288] 15 [ : C.1 C.1
2 ] c .

QX968 -15) C (o) C.l
-12 [on] (o] C
-10) C.t [on] (g ]

1QX648 -15 C.1 C.1

(o] C.l

&
9]
O
O

Table 4: Component Availability

IQXnnnn-SS PP ### T
.

Y T Y

Number of /0 Ports
Speed Grade

Package Code
J-PLCC
MQ - MQUAD®
PB - Plastic Ball Grid Array
PQ - Plastic Quad Flat Pack
PP - Plastic Pin Grid Array
TQ - Thin Plastic Quad Flat Package

Package Pin Count
Temperature Range

Blank - Commercial (0°C to 70°C)
{ - Industrial {-40°C 10 85'C)
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Feature

1QX320

1ax2408

13X160

1GX128B

Number of Usable I/O Port Pins 320 240 160 128 96 64
Switch Matrix Size 320 lines 240 lines 160 lines 128 lines 96 lines 64 lines
Programmabte YO Port Attributes
Signal Direction IN. OUT. BIDIR| IN, OUT. BIDIR| IN, OUT. BIDIR| IN, OUT, BIDIR| IN. OUT, BIDIR| IN, OUT, BIDIR|
Dataflow Flow-through, | Fiow-through. | Flow-through, | Flow-through, | Flow-through, | Flow-through,
Latched. Latched, Latched, Latched, Latched, Latched,
Clocked Clocked Clocked Clocked Clocked Clocked
Control Signals Clock. Clock, Clock. Clock, Clock, Ciock,
Clock Enable, | Clock Enable, | Clock Enable, | Clock Enable, | Clock Enable, | Clock Enable,
Input Tristate, [ Input Tristate, | Input Tristate, | tnput Tristate, | Input Tristate, | Input Tristate,
Output Tristate| Quiput Tristate| Output Tristate | Output Tristate| Output Tristate | Output Tristate
Number of Clock Control Pins
dedicated 4 2 2 2 2
shared with /O Port Pins 9 9 11 11 11 11
Number of Tristate Control Pins
dedicated 5 5 4 4 4 4
shared with 1/O Fort Pins 8 8 9 9 9 9
/0 Ports Used By RapidConfigure Interface 22 22 20 10 18 16
Pin-to-Pin Delay 75ns 75ns 75ns 7.5ns 6ns 6ns
NRZ Data Rate 180 Mbs 180 Mbs 200 Mbs 200 Mbs 250 Mbs 250 Mbs
Maximum Clock Frequency 133 MHz 133 MHz 133 MHz 133 MHz 150 MHz 150 MHz
1O Current Drive 12 mA 12 mA 12 mA 12 mA 12 mA 12 mA
1O Voltage 5V 3V or 5V 3Vorsv 3V or 5V 3Vorsv 3V or 5V
Process 0.6 0.6u 0.6u 0.6p 0.6p 0.6u
Packages 391 PPGA 304 MQUAD 208 PQFP 184 PQFP 144 PQFP 100 PQFP
416 PBGA 208 MQUAD 184 MQUAD 144 TQFP 100 TQFP
144 MQUAD 100 MQUAD

[-Cube® is a registered trademark and RapidConnect, RapidConfigure, 1Q, IQX, P6X are trademarks of 1-Cube, Inc.
MQUAD® is a trademark of Olin Interconnect Technologies. All other trademarks or registered trademarks are the
property of their respective holders. [-Cube, Inc., does not assume any liability arising out of the applications or use of
the product described herein; nor does it convey any license under its patents, copyright rights or any rights of others.

The information contained in this document is believed to be current and accurate as of the publication date. I-Cube,
Inc., reserves the right to make changes at any time in order b improve reliability, function, performance or design in
order to supply the best product possible. 1-Cube, Inc., assumes no obligation to correct any errors contained herein or
to advise any user of this text of any correction if such be made.

This product is protected under the U.S. patents: 5202593, 5282271, 5426738, 5428750, 5428800. Additional patents pend-

ing.

[-Cube, Inc., © 1992-1996. All rights reserved.
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2605 5. Winchester Bivd.
Campbell, CA 95008, USA

Phone: ++ (408) 341-1588
Fax: ++ (408) 341-1899
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Internet: http://www.icube.com
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