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1. About This Megafunction

Device Family Support

Introduction

The virtual JTAG (SLD_VIRTUAL_JTAG) megafunction supports the following target
Altera® device families:

B Arria® series

B Stratix® series

m  Cyclone® series

m HardCopy® ASICs

m MAXe Il series

m APEX™II, APEX 20KE, APEX 20KC

The virtual JTAG megafunction provides access to the JTAG input pins and all of the
control signals from the JTAG controller on your device. It is one feature in the
on-chip debugging tools portfolio.

The on-chip debugging tool suite is a powerful set of tools enabling real time
verification of a design.

Each feature in the on-chip debugging tool set leverages on-chip resources to get real
time visibility to the logic under test. During runtime, each tool shares the JTAG
connection to transmit collected test data to the Quartus® II software for analysis. The
tool set consists of a set of GUIs, megafunction intellectual property (IP) cores, and Tcl
application programming interfaces (APIs). The GUIs provide for the configuration of
test signals and the visualization of data captured during debugging. The Tcl scripting
interface provides for automation during runtime.

Table 1-1 shown describes the available tools in the on-chip debugging tool suite.

Table 1-1. Available Tools in the On-Chip Debugging Tool Suite (Part 1 of 2)

I/0 pins while preserving the results from your
last place-and-route procedure.

Tool Description Typical Circumstances of Use
SignalTap® I This embedded logic analyzer uses FPGA You have spare on-chip memory and you want
Embedded Logic resources to sample tests nodes and outputs the | functional verification of your design running in
Analyzer information to the Quartus Il software for display | hardware.

and analysis.
SignalProbe This tool incrementally routes internal signals to | You have spare 1/0 pins and you would like to

check the operation of a small set of control pins
using either an external logic analyzer or an
oscilloscope.

© December 2008  Altera Corporation
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Table 1-1. Available Tools in the On-Chip Debugging Tool Suite (Part 2 of 2)

Tool

Description

Typical Circumstances of Use

Logic Analyzer
Interface (LAI)

This tool multiplexes a larger set of signals to a
smaller number of spare 1/0 pins. LAl allows you
to select which signals are switched onto the 1/0
pins over a JTAG connection.

You have limited on-chip memory, and have a
large set of internal data buses that you would
like to verify using an external logic analyzer.
Logic analyzer vendors, such as Tektronics and
Agilent, provide integration with the tool to
improve the usability.

In-System Memory
Content Editor

This tool displays and allows you to edit on-chip
memory.

You would like to view and edit the contents of
either the instruction cache or data cache of a
Nios® Il processor application.

In-System Sources

This feature provides an easy way to drive and

You want to prototype a front panel with virtual

and Probes sample logic values to and from internal nodes | buttons for your FPGA design.

using the JTAG interface.
Virtual JTAG This megafunction opens up the JTAG interface | You want to generate a large set of test vectors
Interface so that you can develop your own custom and send them to your device over the JTAG port

applications.

to functionally verify your design running in
hardware.

The virtual JTAG megafunction IP gives you direct access to the JTAG control signals
routed to the FPGA core logic, which gives you a fine granularity of control over the
JTAG resource. This opens up the JTAG resource as a general-purpose serial
communication interface. A complete Tcl API is available for sending and receiving
transactions into your device during runtime. Because the JTAG pins are readily
accessible during runtime, this megafunction can be an easy way to customize a JTAG
scan chain internal to the device, which can be used to create debugging applications.
Examples of debugging applications can include the following scenarios:

B Induce trigger conditions evaluated by a SignalTap II Embedded Logic Analyzer
by exercising test signals connected to the SignalTap II Embedded Logic Analyzer

instance.

m Useas a replacement for a front panel interface during the prototyping phase of

the design

m Insert test vectors for exercising the design under test

For more information about the Quartus II software on-chip debugging tool suite,
refer to Section V: In-System Design Debugging in the Quartus Il Handbook.

The following section provides background information with an overview of the
JTAG protocol and the system-level debugging (SLD) infrastructure used in Altera
devices. The SLD infrastructure is an extension of the JTAG protocol for use with
Altera-specific applications and user applications, such as the SignalTap II Embedded
Logic Analyzer. This section serves as a high-level introduction, with the appropriate
level of information needed to use the virtual JTAG megafunction properly.

For more information about the JTAG protocol, refer to AN 39: IEEE 1149.1 (JTAG)

Boundary-Scan Testing in Altera Devices.

Subsequent sections describe how to use the virtual JTAG megafunction and provide
a few application examples to help get you started.

Virtual JTAG (sld_virtual_jtag) Megafunction User Guide
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The JTAG Protocol

The original intent of the JTAG protocol (standardized as IEEE 1149.1) was to simplify
PCB interconnectivity testing during the manufacturing stage. As access to integrated
circuit (IC) pins became more limited due to tighter lead spacing and FPGA packages,
testing through traditional probing techniques, such as “Bed-of-nails” test fixtures,
became infeasible. The JTAG protocol alleviates the need for physical access to IC pins
via a shift register chain placed near the I/ O ring. This set of registers near the I/O
ring, also known as boundary scan cells (BSCs), sample and force values out onto the
I/0O pins. The BSCs from JTAG-compliant ICs are daisy-chained into a long serial-
shift chain and driven via a serial interface.

During boundary scan testing, software shifts out test data over the serial interface to
the BSCs of select ICs. This test data forces a known pattern to the pins connected to
the affected BSCs. If the adjacent IC at the other end of the PCB trace is
JTAG-compliant, the BSC of the adjacent IC can sample the test pattern and feed the
BSCs back to the software for analysis. Figure 1-1 illustrates the concept of boundary-
scan testing.

Figure 1-1. |EEE Std. 1149.1 Boundary-Scan Testing

Boundary-Scan Cell

Serial
Data Out

Serial

Data In IC  Pin Signal

- :

Interconnection
JTAG Device 1 to be Tested JTAG Device 2

Because the JTAG interface can shift in any information to the device and is available
on all Altera devices, it lends itself well to being a low footprint, general purpose
communication interface. In addition to boundary scan applications, Altera devices
use the JTAG port for other applications, such as device configuration and all of the
on-chip debugging features available in the Quartus II software.

The basic architecture of the JTAG circuitry consists of the following components:
m A set of Data Registers (DRs)
B An Instruction Register (IR)
B A state machine to arbitrate data (known as the Test Access Port (TAP) controller)
m A four- or five-pin serial interface, consisting of the following pins:
m Test datain (TDI ), used to shift data into the IR and DR shift register chains
m Test data out (TDO), used to shift data out of the IR and DR shift register chains
m Test mode select (TM5), used as an input into the TAP controller
m  TCK, used as the clock source for the JTAG circuitry

m TRST resets the TAP controller. This is an optional input pin defined by the
1149.1 standard. (The TRST pin is not present in the Cyclone device family:)

© December 2008  Altera Corporation Virtual JTAG (sld_virtual_jtag) Megafunction User Guide
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Figure 1-2 shows a functional model of the JTAG circuitry.
Figure 1-2. Functional Model of the JTAG Circuitry
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Notes to Figure 1-2:
(1)
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The TRST pin is an optional pin in the 1149.1 Standard. It is not available in Cyclone devices.
The TAP controller is a hard controller; that is, not created using programmable resources.
The major function of the TAP controller is to route test data between the IR and DR register chains. A complete description of the control functions

is given in the section describing the TAP controller state machine.

Virtual JTAG (sld_virtual_jtag) Megafunction User Guide

The bank of DRs is the primary data path of the JTAG circuitry. It carries the payload
data for all JTAG transactions. Each DR chain is dedicated to serving a specific
function. Boundary scan cells form the primary DR chain. The other DR chains are
used for identification, bypassing the IC during boundary scan tests, or a custom set
of register chains with functions defined by the IC vendor. Altera uses two of the DR
chains with user-defined IP that requires the JTAG chain as a communication
resource, such as the on-chip debugging applications. The Virtual JTAG
megafunction, in particular, allows you to extend the two DR chains to a user-defined
custom application.

The instruction register is used to select the bank of Data Registers to which the TDI
and TDOmust connect. It functions as an address register for the bank of Data
Registers. Each IR instruction maps to a specific DR chain.

© December 2008 Altera Corporation
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All shift registers that are a part of the JTAG circuitry (IR and DR register chains) are
composed of two kinds of registers:

m  Shift registers—Capture new serial shift input from the TDI pin

m Parallel hold registers—Connect to each shift register to hold the current input in
place while any shifting is done; the parallel hold registers ensure stability in the
output while new data is being shifted

The TAP controller is a state machine with a set of control signals that routes TDI data
between the Instruction Register and the bank of DR chains, controls the start and
stop of any shift transactions, and controls the data flow between the parallel hold
registers and the shift registers of the Instruction Register and the Data Register. The
TAP controller is controlled by the TM5 pin.

© December 2008  Altera Corporation Virtual JTAG (sld_virtual_jtag) Megafunction User Guide
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Figure 1-3 shows the TAP controller state machine. A description of each of the states
is provided in Table 1-1.

Figure 1-3. JTAG TAP Controller State Machine

TEST_LOGIC/
RESET

TMS =1
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RUN_TEST/ | TMS=1
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SELECT_
DR_SCAN
T™MS=0
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CAPTURE_DR CAPTURE_IR

TMS=0 T™MS =0

SHIFT_IR

UPDATE_DR

Table 1-2. Functional Description for the TAP Controller States (Part 1 of 2)

TAP Controller State Functional Description
Test-Logic-Reset The test logic of the JTAG scan chain is disabled.
Run-Test/Idle This is a hold state. Once entered, the controller will remain in this state as long as TMS is
held low.

Virtual JTAG (sld_virtual_jtag) Megafunction User Guide © December 2008 Altera Corporation
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Table 1-2. Functional Description for the TAP Controller States (Part 2 of 2)

TAP Controller State

Functional Description

Select DR-Scan/Select IR Scan

These are temporary controller states. A decision is made here whether to enter the DR
states or the IR states.

Capture DR/Capture IR

These states enable a parallel load of the shift registers from the hold registers on the
rising edge of TCK.

Shift DR/Shift IR

These states enable shifting of the DR and IR chains.

Exit1 DR/Exit1 IR

Temporary hold states. A decision is made in these states to either advance to the Update
states or the Pause states.

Pause DR/Pause IR

This controller state allows shifting of the Instruction Register and Data Register to be
temporarily halted.

Exit2 DR/Exit2 IR

Temporary hold states. A decision is made in these states to advance to the Update states.

Update DR/Update IR

These states enable a parallel load of the hold registers from the shift registers. Update
happens on the falling edge of TCK.

System-Level Debugging Infrastructure

All on-chip debugging tools that require the JTAG resources share two Data Register
chain paths. USER1 and USERO instructions select these two DR register chain paths.
These datapaths are an extension of the JTAG circuitry for use with the
programmable logic elements in Altera devices.

Because the JTAG resource is shared among multiple on-chip applications, an
arbitration scheme must define how the USER0Q and USER1 scan chains are allocated
between the different user applications. The system-level debugging (SLD)
infrastructure defines the signaling convention and the arbitration logic for all
programmable logic applications using a JTAG resource. Figure 1-4 shows the SLD
infrastructure architecture.

Figure 1-4. System Level Debugging Infrastructure Functional Model
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In the presence of an application that requires the JTAG resource, the Quartus II
software automatically implements the SLD infrastructure to handle the arbitration of
the JTAG resource. The communication interface between JTAG and any IP cores is
transparent to the end designer. All components of the SLD infrastructure, except for
the JTAG TAP controller, are built using programmable logic resources.

The SLD infrastructure mimics the IR /DR paradigm defined by the JTAG protocol.
Each application implements an Instruction Register, and a set of Data Registers that
operate similarly to the Instruction Register and Data Registers in the JTAG standard.
Note that the Instruction Register and the Data Register banks implemented by each
application are a subset of the USER1 and USERO Data Register chains. The SLD
infrastructure consists of three subsystems: the JTAG TAP controller (described in the
previous section), the SLD hub, and the SLD nodes.

The SLD hub acts as the arbiter that routes the TDlI pin connection between each SLD
node. It is a state machine that mirrors the JTAG TAP controller state machine.

The SLD nodes in Figure 1-4 represent the communication channels for the end
applications. Each instance of IP requiring a JTAG communication resource (such as
SignalTap II Embedded Logic Analyzer) would have its own communication channel
in the form of a SLD node interface to the SLD hub. Each SLD node instance has its
own Instruction Register and its own bank of DR chains. Up to 255 SLD nodes can be
instantiated, depending on resources available in your device.

Together, the sld_hub and the SLD nodes form a virtual JTAG scan chain within the
JTAG protocol. It is virtual in the sense that both the Instruction Register and DR
transactions for each SLD node instance are encapsulated within a standard DR scan
shift of the JTAG protocol.

The Instruction Register and Data Registers for the SLD nodes are a subset of the
USER1 and USERO Data Registers. Because the SLD Node IR /DR register set is not
directly part of the IR/DR register set of the JTAG protocol, the SLD node Instruction
Register and Data Register chains are known as Virtual IR (VIR) and Virtual DR
(VDR) chains.

Virtual JTAG (sld_virtual_jtag) Megafunction User Guide © December 2008 Altera Corporation
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Figure 1-5 shows the transaction model of the SLD infrastructure.

Figure 1-5. Extension of the JTAG Protocol for PLD Applications
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The SLD hub decodes TM5 independently from the hard JTAG TAP controller state
machine and implements an equivalent state machine (called the “SLD hub finite state
machine”) for the internal JTAG path. The SLD hub performs a similar function for
the VIR and VDR chains that the TAP controller performs for the JTAG IR and DR
chains. It enables an SLD node as the active path for the TDI pin, selects the TDI data
between the VIR and VDR registers, controls the start and stop of any shift
transactions, and controls the data flow between the parallel hold registers and the
parallel shift registers of the VIR and VDR.

© December 2008  Altera Corporation Virtual JTAG (sld_virtual_jtag) Megafunction User Guide
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Because all shifts to VIR and VDR are encapsulated within a DR shift transaction, an
additional control signal is necessary to select between the VIR and VDR data paths.
The SLD hub uses the USER1 command to select the VIR data path and the USERO

command to select the VDR data path. The SLD hub finite state machine is shown in
Figure 1-6.

Figure 1-6. sld_hub Finite State Machine
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Note to Figure 1-6:
(1) There is no direct

state signal available to be used for application design.

Virtual JTAG (sld_virtual_jtag) Megafunction User Guide

This state information, including a bank of enable signals, is forwarded to each of the
SLD nodes. The SLD nodes perform the updates to the VIR and VDR according to the
control states provided by the sld_hub. The SLD nodes are responsible for
maintaining continuity between the TDI and TDOpins.
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Description of the Virtual JTAG Interface (VJI)

The Virtual JTAG Interface (VJI) megafunction implements a SLD node interface. It
provides a communication interface to the JTAG port. This megafunction exposes
control signals that are part of the SLD hub; namely, JTAG port signals, all FSM
controller states of the TAP controller, and the SLD hub finite state machine (FSM).
Additionally, each instance of the Virtual JTAG megafunctions house the virtual
Instruction Register for the SLD node. Instantiation of this megafunction
automatically infers the SLD infrastructure. One SLD node is added for each
instantiation of the Virtual JTAG megafunction. Refer to Figure 1-7.

Figure 1-7. Input and Output Ports of the Virtual JTAG Megafunction

i
-t ek 1
Inputs teli 3
et ir_out[1..0] ir_in[1..0] 4

virtual_state_cdr 4
virtual_state_=dr 4
vitual_state_eldr 4
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vifual_state_e2dr 4
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(1)tmz 4
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from the SLD Hub FSM (1)

One-Hot Decoded Outputs
from the TAP Controller (1)

Notes to Figure 1-7:

(1) The JTAG TAP controller outputs and TNVs signals are used for informational purposes only. These signals can be
exposed using the option Create primitive JTAG state signal ports on page 3 of the MegaWizard® Plug-In Manager.
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T N : D
s

Design Flow

The Virtual JTAG megafunction provides a port interface that mirrors the actual
JTAG ports. The interface contains the JTAG port pins, a one-hot decoded output of
all JTAG states, and a one-hot decoded output of all the virtual JTAG states. Virtual
JTAG states are the states decoded from the SLD hub finite state machine. Thei r _i n
and i r _out ports are the parallel input and output to and from the VIR. The VIR
ports are used to select the active VDR datapath.

The JTAG states and TMS output ports are provided for debugging purposes only.
Only the virtual JTAG, TDI, TDO, and the | Rsignals are functional elements of the
megafunction. When configuring this megafunction using the MegaWizard Plug-In
Manager, you can hide TM5 and the decoded JTAG states.

Designing with the Virtual JTAG megafunction includes the following steps:

1. Configuring the Virtual JTAG megafunction with the desired Instruction Register
length and instantiating the megafunction

2. Building glue logic for interfacing with your application
3. Communicating with the Virtual JTAG instance during runtime

In addition to the JTAG datapath and control signals, the Virtual JTAG megafunction
encompasses the VIR. The Instruction Register size is configured in the MegaWizard
Plug-In Manager. The Instruction Register port on the Virtual JTAG megafunction is
the parallel output of the VIR. Any updated VIR information can be read off of this
port after the vi r t ual _st at e_ui r signalis asserted.

For more information about these SLD hub finite state machine controller states, refer
to the Quartus II Help.

After instantiating the megafunction, you must create the VDR chains that interface
with your application. To do this, use the virtual instruction output to determine
which VDR chain is the active datapath. You must create the following:

B Decode logic for the VIR
®m VDR chains to which each VIR maps
m Interface logic between your VDR chains and your application logic

Your glue logic uses the decoded one-hot outputs from the megafunction to
determine when to shift and when to update the VDR that you created. Your
application logic interfaces with the VDR chains during any one of the non-shift
virtual JTAG states.

For example, your application logic can parallel read an updated value that was
shifted in from the JTAG port after the vi rt ual _st at e_ui r signal is asserted. If
you load in a value to be shifted out of the JTAG port, you would do so when the
vi rtual _stat e_cdr signalis asserted. Finally, if you enable the shift register to
clock out information to TDO, you would do so during the assertion of

virtual state_sdr.

Virtual JTAG (sld_virtual_jtag) Megafunction User Guide © December 2008 Altera Corporation
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5

I

Maintaining TDI -to-TDOconnectivity is important. Ensure that all possible instruction
codes map to an active register chain to maintain connectivity in the TDI -to-TDO
datapath. Altera recommends including a bypass register as the active register for all
unmapped IR values.

Note that TCK (a maximum 10-MHz clock, if using an Altera programming cable)
provides the clock for the entire SLD infrastructure. Be sure to follow best practices
for proper clock domain crossing between the JTAG clock domain and the rest of your
application logic to avoid metastability issues. The decoded virtual JTAG state signals
can help determine a stable output in the VIR and VDR chains.

After compiling and downloading your design into the device, you can perform shift
operations directly to the VIR and VDR chains using the Tcl commands from the
quart us_st p executable and an Altera programming cable (for example, a
USB-Blaster™, a MasterBlaster™, or a ByteBlaster™ Il cable). The quar t us_st p
executable is a command-line executable that contains Tcl commands for all on-chip
debug features available in the Quartus II software design suite.

The section “Run-Time Communication with the Virtual JTAG Megafunction” on
page 1-14 provides additional details about the specific Tcl commands that interface

to this megafunction.

Figure 1-8 shows a block diagram of the components of a design containing one
instance of the Virtual JTAG megafunction.

Figure 1-8. Block Diagram of a Design with a Single Virtual JTAG Instantiation (Note 1), (2), (3)

t Inferred by Instantiation Glue Logic between VJI and User Design h Original Design
of Megafunction (Created by Designer)
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<l SD | o Input Vector 1
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_ > Application
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JTAG TAP S ~
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= S| eee S Input Vector n
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(=) (&)
= foed
(=)
>
S J . J

Notes to Figure 1-8:

(1) TDI -to-TDO datapath for the virtual JTAG chain, shown in red, consists of a bank of DR registers. Input to the application logic is the parallel
output of the VDR chains.

(2) Decoded state signals used to signal start and stop of shift transactions and signals when the VDR output is ready.

(3) Thel R_out port, not shown, is an optional input port you can use to parallel load the VIR from the FPGA core logic.
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Complete application examples are provided in the section “Instantiating the Virtual
JTAG Megafunction in Your Design” on page 2-3 and in the sections that describe
“Design Example 1”7 on page 2-9 and “Design Example 2” on page 2-12.

Simulation Model

=

The virtual JTAG megafunction provides a functional simulation model. The
simulation model provides stimuli that mimic VIR and VDR shifts. You configure the
stimuli using the MegaWizard Plug-In Manager. The detailed steps for configuring
the simulation model are provided in the section “Using the MegaWizard Plug-In
Manager” on page 2-1.

This simulation model is used for functional verification only. The operation of the
SLD hub and the SLD node-to-hub interface is not provided in this simulation model.

Run-Time Communication with the Virtual JTAG Megafunction

The Tcl API for the Virtual JTAG megafunction consists of a set of commands for
accessing the VIR and VDR of each virtual JTAG instance.

These commands contain the underlying drivers for accessing an Altera
programming cable and for issuing shift transactions to each VIR and VDR. Table 1-3
provides all of the Tcl commands in the quar t us_st p executable that can be used
with the Virtual JTAG megafunction.

Details about the underlying bit transactions can be found in Appendix A,
SLD_NODE Discovery and Enumeration, and Appendix B, Capturing the Virtual IR
Instruction Register. This information is intended for designs that use a custom
controller to drive the JTAG chain.

Table 1-3. Tcl Commands Used with the Virtual JTAG Megafunction (Part 1 of 2)

Command

Arguments Description

Devi ce_virtual _
ir_shift

-i nstance_index <instance_i ndex> Perform an IR shift operation to
the virtual JTAG instance specified
) by the i nst ance_i ndex. Note
-no_captured_ir _val ue (1) thatir val ue takes a

-show _equi val ent _device_ir_dr_shift (7)|numerical argument.

-ir_value <nuneric_ir_value>

shift

Devi ce_virtual _dr_ | -i nstance_index <i nstance_i ndex> Perform a DR shift operation to

_dr value <dr val ue> the virtual JTAG instance

-l ength <data_regi ster_|ength>
-no_captured_dr_value (1)

-show_equi val ent _device_ir_dr_shift
-val ue_i n_hex (1)

Open_devi ce

Get _har dware_nanes | NONE Queries for all available
programming cables
-devi ce_nane <devi ce_nane> Selects the active device on the
JTAG chain

- hardwar e_name <hardwar e_nane>

Cl ose_devi ce

NONE Ends communication with the
active JTAG device
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Table 1-3. Tcl Commands Used with the Virtual JTAG Megafunction (Part 2 of 2)

Command Arguments Description
Devi ce_| ock -timeout <timeout> Obtains exclusive communication
to the JTAG chain
Devi ce_unl ock NONE Releases devi ce_| ock
Device ir_shift -ir_value <ir_val ue> Performs a IR shift operation

-no_captured_ir_val ue

Devi ce_dr _shi ft

-dr_val ue <dr_val ue> Performs a DR shift operation
-l ength <data regi ster |ength>
-no_capt ured_dr _val ue

-val ue_i n_hex

Note to Table 1-3:

(1) This argument is optional.

=

CAUTION

For detailed information about each of these commands, refer to the Quartus I1
Scripting Reference Manual or the Quartus II Help.

Each instantiation of the Virtual JTAG megafunction includes an instance index. All
instances are sequentially numbered and are automatically provided by the

Quartus II software. The instance index starts at instance index 0. The VIR and VDR
shift commands described in Table 1-3 decode the instance index and provide an
address to the SLD hub for each megafunction instance. You can override the default
index provided by the Quartus II software during configuration of the megafunction.

Central to virtual JTAG megafunction are the devi ce_virtual _ir_shift and
devi ce_vi rtual _dr_shi ft commands. These two commands perform the shift
operation to each VIR/VDR and provide the address to the SLD hub for the active
JTAG datapath.

Each devi ce_virtual _ir_shi ft command issues a USER1 instruction to the
JTAG Instruction Register followed by a DR shift containing the VIR value provided
by thei r _val ue argument prepended by address bits to target the correct SLD node
instance.

Use the - no_capt ur ed_i r _val ue argument if you do not care about shifting out
the contents of the current VIR value. Enabling this option speeds up the VIR shift
transaction by eliminating a command cycle within the underlying transaction.

Similarly, each devi ce_vi rtual _dr_shi ft command issues a USERO instruction
to the JTAG Instruction Register followed by a DR shift containing the VDR value
provided by the dr _val ue argument. These commands return the underlying JTAG
transactions with the show_equi val ent _devi ce_i r_dr_shi ft option set.

Thedevi ce_virtual _ir_shift takes their_val ue argument as a numeric
value. The devi ce_vi rtual _dr_shi ft takes the dr _val ue argument by either a
binary string or a hexadecimal string. Do not use numeric values for the

device virtual _dr_shift.
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A simple DR shift operation through a virtual JTAG chain using an Altera download
cable consists of the following steps:

1.

2.

3.

4. Perform a VIR shift.
5. Perform a VDR shift.
6.

7.

- .- -

Query for the Altera programming cable and select the active cable.
Target the desired device in the JTAG chain.

Obtain a device lock for exclusive communication to the device.

Release exclusive link with the device with the devi ce_unl ock command.

Close communication with the device with the ¢l ose_devi ce command.

The Quartus II Scripting Reference Manual,”Design Example 1” on page 2-9 and

“Design Example 2” on page 2-12 include example Tcl scripts for communicating
with Virtual JTAG megafunction instances.

Run-Time Communication without Using an Altera Programming Cable

The Virtual JTAG megafunction Tcl API requires an Altera programming cable.
Designs that use a custom controller to drive the JTAG chain directly must issue the
correct JTAG IR/DR transactions to target the Virtual JTAG megafunction instances.
The address values and register length information for each Virtual JTAG
megafunction instance are provided in the compilation reports.

Figure 1-9 shows the compilation report for a sample Virtual JTAG Megafunction
Instance and Table 1-4 describes each of the columns in the Virtual JTAG Settings

compilation report.

Figure 1-9. Compilation Report for Virtual JTAG Megafunction Instances

@ Compilation Report - ¥irtual JTAG Settings l

@a Compilation Report ¥irtual JTAG Settings
& B Legal Motice Instance | Auto  |Index IR Add USER1 DR |¥IF capture | Hierarchy
@E Flowe Summary Index Index | Reassigned |['width ress length instruction Location
@5 Flow Settings 1F0 YES |MAA 2 0=10 I} 008 my i INST|zid wirtual_

SHER Flow Non-Default Global Setting
SHEA Flow Elapsed Time
SHEA Flow 05 Summary
EhE FlowLog
= @a Analysis & Synthesis
S summary
+- & Settings
ESHEA Source Files Read
@5 Resource Usage Surmmary
@5 Resource Utilization by Entil
+- &1 Optimization Resulks
+ @D Source Assignmments
+ @D Parameter Settings by Entit
= @a Debug Settings Summary
SHE virtual ITAG Settings
5}; Messages
+- & Fitker
+- & Assembler
+ @D TimeQuest Timing Analyzer
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Table 1-4. Virtual JTAG Settings Description

Setting Description

Instance Index Instance index of the virtual JTAG megafunction. Assigned at compile time.

Auto Index Details whether the index was auto-assigned.

Index Re-Assigned Details whether the index was user-assigned.

IR Width Length of the Virtual IR register for this megafunction instance; defined in the MegaWizard
Plug-In Manager.

Address The address value assigned to the megafunction by the compiler.

USER1 DR Length The length of the USER1 DR register. The USER1 DR register encapsulates the VIR for all SLD
nodes.

VIR Capture Instruction | Instruction value to capture the VIR of this megafunction instance.

The Tcl API provides a way to return the JTAG IR/DR transactions by using the
show_equi val ent _devi ce_i r_dr_shi ft argument with the
device_virtual _ir_shift and devi ce_virtual _dr_shi ft commands. The
following examples use returned values of a virtual IR /DR shift to illustrate the
format of the underlying transactions.

Refer to the two separate examples in this user guide: “Design Example 1” on

page 2-9, which is a Virtual IR /DR shift with the- no_capt ured_i r _val ue
argument, and “Design Example 2” on page 2-12, a Virtual IR/DR shift without the
-no_captured_i r _val ue argument.

To use the Tcl API to query for the bit pattern in your design, use the
- show_equi val ent _devi ce_i r _dr _shi ft argument with the
device_virtual _ir_shift and devi ce_virtual _dr_shi ft commands.

Both examples are from the same design, with a single Virtual JTAG instance. The
VIR length for the reference Virtual JTAG instance is configured to 3 bits in length.
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Virtual IR/DR Shift Transaction without Returning Captured IR/DR Values

The Tcl commands in Example 1-1 and Example 1-2 show a VIR/VDR transaction
with no_capt ur ed_val ue option set. The commands return the underlying JTAG
shift transactions that occur. Figure 1-10 shows the bit values and fields associated
with the VIR/VDR scans.

Example 1-1. Virtual IR Shift with the no_captured_value Option

device_virtual _ir_shift -instance_index O -ir_value 1\
-no_captured_ir_val ue -show equival ent _device_ir_dr_shift <

Returns:

I nfo: Equival ent device ir and dr shift comrands

Info: device_ir_shift -ir_value 14

Info: device_dr_shift -length 5 -dr_value 11 -val ue_in_hex

Example 1-2. Virtual DR Shift with the no_captured_value Option

device_virtual _dr_shift -instance_index O -length 8 -dr_val ue \
04 -val ue_in_hex -no_captured_dr_val ue \
-show_equi val ent _devi ce_ir_dr_shift «

Returns:

I nfo: Equival ent device ir and dr shift commands

Info: device_ir_shift -ir_value 12

Info: device dr_shift -length 8 -dr_value 04 -val ue_in_hex

Figure 1-10. Equivalent Bit Pattern Shifted into Device by VIR/VDR Shift Commands (Note 1), (2), (3)

Virtual IR Scan
IR Scan Shift DR Scan Shift

USER1 Addr VIR Value
ofo0o|JO0OfO0]O{foO 1 1 1 0 1 0|0] 0] 1
Virtual DR Scan
IR Scan Shift DR Scan Shift

USERO VDR Value
ofojofojOofoOo]|t1t|{1]O0f|oO ojfojJofo|jof1t1t]O0f|oO

Notes to Figure 1-10:

(1) The Instruction Register length for all Altera FPGAs and CPLDs is 10 bits long.

(2) The USERT value is 0xOE and USERO value is 0x0C for all Altera FPGAs and CPLDs.

(3) The Address bits contained in the DR scan shift of a VIR scan are determined by the Quartus Il software.

VIR shifts consist of a USER1 (0x0E) IR shift followed by a DR shift to the virtual
Instruction Register. The length and value of the DR shift is dependent on the number
of SLD nodes in your design. This value consists of address bits to the SLD node
instance concatenated with the desired value of the virtual Instruction Register. The
addressing scheme is determined by the Quartus II software during design
compilation.
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The VIR value field in Figure 1-10 is four bits long, even though the VIR length is
configured to be three bits long. All USER1 DR chains must be of uniform length. The
length of the VIR value field length is determined by length of the longest VIR register
for all SLD nodes instantiated in the design. Because the SLD hub VIR is four bits
long, the minimum length for the VIR value field for all SLD nodes in the design is at
least four bits in length. The Quartus II Tcl API automatically sizes the shift
transaction to the correct length. The length of the VIR register is provided in the
Virtual JTAG settings compilation report. If you are driving the JTAG interface with a
custom controller, you must pay attention to size of the USER1 DR chain through the
information Virtual JTAG Settings Table, the values returned by the Tcl AP, or via
the information provided in Appendix A, SLD_NODE Discovery and Enumeration.

The VDR shifts consist of a USER0 0x0C IR shift followed by a DR shift to the virtual
Data Register. The DR Scan shift consists of the value passed by the - dr _val ue
argument.

Virtual IR/DR Shift Transaction that Captures Current VIR/VDR Values

The Tcl commands in Example 1-3 and Example 1-4 show examples in which the
no_capt ur ed_val ue option is not set in the Virtual IR/ DR shift commands and the
underlying JTAG shift commands associated with each. In the VIR shift command,
the command returns two devi ce_dr _shi f t commands. Figure 1-11 further details
the transaction.

Example 1-3. Virtual IR Shift

device virtual _ir_shift -instance_index O -ir_value 1\
-no_captured_ir_val ue -show_equi val ent _devi ce_ir_dr_shift

Returns:

I nfo: Equival ent device ir and dr shift comands

Info: device_ir_shift -ir_value 14

Info: device_dr_shift —length 5 —dr_value 0B —val ue_i n_hex
Info: device_dr_shift -length 5 -dr_value 11 -val ue_in_hex

Example 1-4. Virtual DR Shift

device_virtual _dr_shift -instance_index O -length 8 -dr_val ue \
04 -val ue_in_hex -show_equi val ent _device_ir_dr_shift

Returns:

I nfo: Equival ent device ir and dr shift comands

Info: device_ir_shift -ir_value 12

Info: device_dr_shift -length 8 -dr_value 04 -val ue_i n_hex
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Figure 1-11. Equivalent Bit Pattern Shifted into Device by VIR/VDR Shift Commands with Captured IR Values (Notfe 1), (2)

Virtual IR Scan

IR Scan Shift DR Scan Shift 1 DR Scan Shift 2
USER1 Addr VIR Value Addr VIR Value
0 0 0 0 0 1 1 1 0 0 1 0 1 1 1 0 0 0 1
Virtual DR Scan
IR Scan Shift DR Scan Shift
USERO VDR Value
0 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0

Notes to Figure 1-11:

(1) DR Scan Shift 1 targets the SLD hub VIR to force a captured value from Virtual JTAG instance 1. This command is known as the VI R_CAPTURE

command.

(2) DR Scan Shift 2 targets the VIR of Virtual JTAG instance 1.

=

DR Scan Shift 1 is the VI R_CAPTURE command (shown in Figure 1-11). It targets the
VIR of the sld_hub. This command is an address cycle to select the active VIR chain to
shift after j t ag_st at e_ci r is asserted. The HUB_FORCE_| R capture must be issued
whenever you capture the VIR from a target SLD node that is different than the
current active node. The precise definition of the VI R_CAPTURE instruction and the
HUB_FORCE_I Rinstructions can be found in Appendix B, Capturing the Virtual IR
Instruction Register.

Appendix A, SLD_NODE Discovery and Enumeration, describes in detail the
discovery and enumeration process for all the SLD Nodes within a design. This
information can be used to determine the address scheme for each of the SLD nodes
dynamically within the SLD infrastructure.

If you are using an embedded processor as a controller for the JTAG chain and your
Virtual JTAG megafunction instances, consider using the JAM Standard Test and
Programming Language (STAPL). JAM STAPL is an industry-standard
flow-control-based language that supports JTAG communication transactions. JAM
STAPL is open source, with software downloads and source code available from the
Altera website (www.altera.com).

For more information about JAM STAPL and using JAM STAPL with an embedded
processor, refer to the following pages on www.altera.com:

m ISP & the Jam STAPL
m Embedded Programming With Jam STAPL
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Reset Considerations when Using a Custom JTAG Controller

The SLD hub decodes TM5 independently to determine the JTAG controller state.
Under normal operation, the SLD hub mirrors all of the JTAG TAP controller states
accurately. The JTAG pins (TCK, TM5, TDI , and TDO) are accessible to the core
programmable logic; however, the JTAG TAP controller outputs are not visible to the
core programmable logic. In addition, the hard JTAG TAP controller does not use any
reset signals as inputs from the core programmable logic. This can cause two
situations in which control states of the SLD hub and the JTAG TAP controller are not
in lock-step:

B An assertion of the device wide global reset signal (DEV_CLRn)
B An assertion of the TRST signal, if available on the device

DEV_CLRn resets the SLD hub but does not reset the hard TAP controller block. The
TAP controller is meant to be decoupled from USER mode device operation to run
boundary scan operations. Asserting the global reset signal does not disrupt
boundary-scan test (BST) operation.

Conversely, the TRST signal, if available, resets the JTAG TAP controller but does not
reset the SLD hub. The TRST signal does not route into the core programmable logic
of the PLD.

To guarantee that the states of the JTAG TAP controller and the SLD hub state
machine are properly synchronized, TM5 should be held high for at least five clock
cycles after any intentional reset of either the TAP controller or the system logic. Both
the JTAG TAP controller and the sld_hub controller are guaranteed to be in the Test
Logic Reset state after five clock cycles of TM5 held high.

Single or multiple instances of the Virtual JTAG megafunction can be instantiated in
your HDL code. During synthesis, the Quartus II software assigns unique IDs to each
instance, so each can be accessed individually. You can instantiate up to 128 instances
of the Virtual JTAG megafunction.
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Figure 1-12 shows a typical application in a design with multiple instances of the
Virtual JTAG megafunction.

Figure 1-12. Application Example

|

> sld_virtual_jtag
A "
tck ——
tms ——»| \
trst —— JTAG < > sld_virtual_jtag
tdi ——»
tdo <€——

The SLD hub automatically arbitrates between multiple applications that share a
single JTAG resource. As such, the Virtual JTAG megafunction can be used in tandem
with other on-chip debugging applications (such as the SignalTap II Embedded Logic
Analyzer), to increase debugging visibility. The Virtual JTAG megafunction can be
used to provide simple stimulus patterns to solicit a response from the design under
test during run-time.

The Virtual JTAG megafunction can be used in many applications, including the
following circumstances:

m To diagnose, sample, and update the values of internal parts of your logic. With
this megafunction, you can easily sample and update the values of the internal
counters and state machines in your hardware device.

® You can build your own custom software debugging IP using the Tcl commands
listed above to debug your hardware. This IP communicates with the instances of
the Virtual JTAG megafunction inside your design.

B You can instrument your design to achieve virtual inputs and outputs in your
design.

m If you are building a debugging solution for a system in which a microprocessor
controls the JTAG chain, the SignalTap II Embedded Logic Analyzer cannot be
used because the JTAG control has to be with the microprocessor. By learning the
low-level controls for the JTAG port from the Tcl commands, you can program
microprocessors to communicate with the Virtual JTAG megafunction inside the
device core.
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System and Software Requirements

The instructions in this section require the following hardware and software:
m The Quartus® II software beginning with version 6.0
B An Altera® download cable, such as a USB-Blaster™ cable

The download cable is required to communicate with the Virtual JTAG megafunction
from a host running the quar t us_st p executable.

Using the MegaWizard Plug-In Manager

To create the Virtual JTAG megafunction in your design, you must use the
MegaWizard® Plug-In Manager within the Quartus II software. Perform the following
steps to generate the megafunction:

1. On the Tools menu, click MegaWizard Plug-In Manager. The MegaWizard
Plug-In Manager dialog box appears.

2. Select Create a new custom megafunction variation.

3. Click Next. Page 2a of the MegaWizard Plug-In Manager appears.

o

In the list of megafunctions, click the “+” icon to expand the JTAG-accessible
Extensions folder. Click Virtual JTAG.

Select the device family you are using.
Select the type of output file you want to create: Verilog HDL, VHDL, or AHDL.
Specify the name of the output file and its location.

Click Next. Page 3 of the MegaWizard Plug-In Manager appears.

© ® N o U

Select the width (number of bits) of your Instruction Register.

10. Assign a unique ID to the instance of your Virtual JTAG megafunction. The
wizard can assign an ID automatically (recommended), or you can enter one
manually.
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11. Click Next. Page 4 of the MegaWizard Plug-In Manager appears (Figure 2-1).

Figure 2-1. MegaWizard Plug-In Manager, Page 4

MegaWizard Plug-In Manager [page 4 of 6] --

Virtual JTAG

About

Documentation

Wirtual Jtag Simulation Stimuli

rry _uji To generate virtual JTAG stimuli during the behavior simulation, add the wvirtual shift stimulus properties into the stimuli table below.

—todo ttc:( ‘what type of shift do you want to add? | DR-Shift
I

<

=t ir_out[0] ir_in[0] 7 Haw lang in miliseconds do pou want to delay before starting this skift? |15
virtual_state_cdr

virtual_state_sdr How many bits do you want ta shift? 1
virtual_state_e1dr
virtual_state_pdr what hexadecimal value do you want to shift? |UXU
virtual_state_e2dr
virtual_state_udr
virtual_state_cir
virtual_state_uir
fao_state_tlr
ftag_state_rti
ftag_state_sdrs
jtag_state_cdr
Jtan_state_sdr
jtag_state_e1dr
Jtao_state_por
jtag_state_e2dr
Jtao_state_udr
jtag_state_sirs
ftan_state_cir
ftag_state_sir
ftag_state_e1ir
ftag_state_pir
ftao_state_e2ir
ftag_state_uir
tms

K K

Stirnuli table:
Index | Tine [rs) | wirtual Shift Type | Walue (hex) | Bit Length
i i IR-Shift 00 1

1 4 DR-Shift 0x0 1
2 g D ift (=0 1
= = 3 1

Add Stimulus | | Delete Stimulus | | Change | ‘ Move Up | ‘ Move Down

| Cancel ” < Back ” Mext = ” Finish |

12. Page 4 defines the stimuli that are used during the simulation of your
megafunction. A stimulus is either a Data Register shift (DR shift) or an
Instruction Register shift (IR shift). Each stimulus requires a time at which that
shift occurs, the number of bits you want to shift in or out, and the data value you
want to shift in during a shift-in operation. You can add multiple stimuli by
clicking the Add Stimulus button.

The stimuli specified on Page 4 of the wizard are written to the variation file. If
you want to change a stimulus after creating the megafunction, you can either edit
the variation file or create the megafunction again with a new stimulus. The
wizard provides an easy way to generate your stimuli. If you do not want to
generate the stimuli, you can skip this step. However, the stimuli are necessary if
you are performing simulation of your design.

13. Click Next. Page 5 of the MegaWizard Plug-In Manager appears. In this example,
the page shows that you need the altera_mf library to simulate the Virtual JTAG
megafunction in your design.

There is no input required from you on this page.

14. Click Next. Page 6 of the MegaWizard Plug-In Manager appears.
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15. Select any other files you need in addition to the megafunction variation file and
the megafunction black box file.

16. Click Finish to create the Virtual JTAG megafunction. This action creates the files
you need in your project.

The output from the MegaWizard Plug-In Manager is a variation file. Example output
files for the Virtual JTAG megafunction variation file are provided in Appendix B,
Capturing the Virtual IR Instruction Register.

Instantiating the Virtual JTAG Megafunction in Your Design

To properly connect the Virtual JTAG megafunction in your design, you should
follow these basic connection rules:

m Thet ck output from the Virtual JTAG megafunction is the clock used for shifting
the data in and out on the TDI and TDOpins.

m The TM5 output of the Virtual JTAG megafunction reflects the TM5 input to the
main JTAG circuit.

m Thei r_i n output port of the Virtual JTAG megafunction is the parallel output of
the contents that get shifted into the virtual IR of the Virtual JTAG instance. This
port is used for decoding logic to select the active virtual DR chain.

You can use the following Verilog HDL template as a guide for instantiating and
connecting various signals of the megafunctions in your design.

The purpose of instantiating a Virtual JTAG instance in this example is to load
nmy_count er through the JTAG port using a software application built with Tcl
commands and the quar t us_st p executable. In this design, the Virtual JTAG
instance is called nmy_vj i . Whenever a Virtual JTAG megafunction is instantiated in a
design, three logic blocks are usually needed: a decode logic block, a TDOlogic block,
and a Data Register block. Example 2-1 combines the Virtual JTAG instance, the
decode logic, the TDOlogic and the Data Register blocks.

Example 2-1. (Part1 of 2)

nodul e counter (clock, my_counter);
i nput cl ock;

output [3:0] ny_counter;

reg [3:0] my_count er;

al ways @ (posedge clock)
if (load & eldr) // decode |l ogic: used to load the counter my_counter
nmy_counter <= tnp_reg;
el se
ny_counter <= ny_counter + 1;
/] Signals and registers declared for VIl instance
wire tck, tdi;
reg tdo;
wire cdr, eldr, e2dr, pdr, sdr, udr, uir, cir;
wire [1:0] ir_in;

© December 2008  Altera Corporation Virtual JTAG (sld_virtual_jtag) Megafunction User Guide



2-4 Chapter 2: Getting Started
Instantiating the Virtual JTAG Megafunction in Your Design

Example 2-1. (Part 2 of 2)

/1 Instantiation of VJI

my_vji VIl _I NST(
.tdo (tdo),
.tck (tck),
Ltdi (tdi),
-tms(),
dr_in(ir_in),
Lir_out(),
.virtual _state_cdr (cdr),
.virtual _state_eldr(eldr),
.virtual _state_e2dr(e2dr),
.virtual _state_pdr (pdr),
.virtual _state_sdr (sdr),
.virtual _state_udr (udr),
.virtual _state_uir (uir),
.virtual _state cir (cir)

/1 Decl aration of data register

reg [3:0] tnp_reg;

/1 Deocde Logic Bl ock

/1 Maki ng sone decode logic fromir_in output port of VJI
wire load = ir_in[1] &k ~ir_in[0];

/1 Bypass used to maintain the scan chain continuity for
/1 tdi and tdo ports

bypass_reg <= tdi;
/| Data Regi ster Bl ock
always @ (posedge tck)
if ( load && sdr )
tnp_reg <= {tdi, tnp_reg[3:1]};
/1 tdo Logic Bl ock
always @ (tnp_reg[ 0] or bypass_reg)

i f(load)
tdo <= tnp_reg[ 0]
el se
tdo <= bypass_reg;
endnodul e

The decode logic is produced by defining a wire | oad to be active high whenever the
IR of the Virtual JTAG megafunction is 01. The IR scan shift is used to load the data
into the IR of the Virtual JTAG megafunction. The i r _i n output port reflects the IR
contents.

The Data Register logic contains a 4-bit shift register named t np_r eg. The al ways
blocks shown for the Data Register logic also contain the decode logic consisting of
the | oad and sdr signals. The sdr signal is the output of the Virtual JTAG
megafunction that is asserted high during a DR scan shift operation. The time during
which the sdr output is asserted high is the time in which the data on t di is valid.
During that time period, the data is shifted into the t np_r eg shift register. Therefore,
t np_r eg gets the data from the Virtual JTAG megafunction on the t di output port
during a DR scan operation.

There is a 1-bit register named bypass_r eg whose output is connected with t do
logic to maintain the continuity of the scan chain during idle or IR scan shift operation
of the Virtual JTAG megafunction. The t do logic consists of outputs coming from

t mp_r eg and bypass_r eg and connecting to the t do input of the Virtual JTAG
megafunction. The t do logic passes the data from t mp_r eg to the Virtual JTAG
megafunction during DR scan shift operations.
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