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In This Guide...

Product Overview

1
Introduction

This Design Guide provides information to assist you in
designing a board which will be compatible with the Agilent
E9524A Inverse Assembler for Xilinx MicroBlaze. It tells you
what signals are required by the decoder, and suggests how to
route these signals to a header.

For information on using the decoder, see the online help which
is installed with the decoder.

The inverse assembler, used with an Agilent Technologies logic
analyzer, allows you to reconstruct program flow by capturing
the instruction address of every executed instruction, then
looking up the associated opcode in the object file, and then
decoding the opcode into a MicroBlaze mnemonic. The inverse
assembler traces code flow only; it does not capture operand
values or memory values.

The inverse assembler uses a small number of external FPGA
signals, plus a clock signal. The number of signals depends on
the size of the address space in which the program is executing.
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1 Introduction

Target System Requirements

The inverse assembler has been designed to work with target
systems meeting the following requirements:

Supported processor

e Xilinx MicroBlaze processor core.

Object files
* You must have access to the object files for the code which is
executing on your target system.

* You must know the memory address where the object code is
loaded.

Supported compilers

¢ The gcc compiler which is shipped with Platform Studio
7.1.01i, or equivalent.

Headers
* You must provide a way to connect logic analyzer probes to
the signals on your target system:

You must route the required signals from the MicroBlaze
core to external pins on the FPGA.

You must provide a way, such as a MICTOR header, to
connect the logic analyzer probes to the signals.
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1 Introduction

Equipment Required

Logic analysis system
You need an Agilent 16900-series or 1680/90-series logic
analyzer.

Logic analyzer cards

The logic analyzer card(s) you use must support the speed of
the bus you are probing.

The logic analyzer card(s) must provide enough channels to
probe the headers on your target system.

Table 1 Logic analyzer channels required

Probing scheme Number of channels

up to 32 PC_EX signals 32
1 MICTOR connector

Probes

You need an appropriate number of logic analyzer probes
(“adapter cables”) to connect the logic analyzer cables to the
header on your target system. The probe must match the type of
connector you have placed on your board. Agilent recommends
a MICTOR connector and an Agilent E5346A or E5380A probe.
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8 E9524A Inverse Assembler for Xilinx MicroBlaze



O
@

@oec-2

® Designing Your Board

¢ This chapter describes the factors you need to consider when
designing and preparing your target system for logic analysis.

Overview of the Connectors

You must provide either one AMP MICTOR 38 connector with
the signal mappings shown in the following sections, or another
connector which maps the signals to the same logic analyzer

channels.
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2 Designing Your Board

Designing the Headers

AMP MICTOR 38 connectors

The signal-to-connector mappings shown in this chapter assume
you are using AMP MICTOR 38 connectors.

Each MICTOR 38 connector carries 32 signals plus two clocks
(CLK1 for two logic analyzer pods). Probes (part number
Eb346A, sometimes called “high-density termination cables”)
are required to connect the logic analyzer cables to the MICTOR
connector. These probes contain the required termination. One
probe is required for every two logic analyzer pods.

To increase the structural support for the probes, you should
use support shrouds on each connector.

For more information, including mechanical dimensions, see
the Agilent Technologies E5346A 38-Pin Probe and E5351A
38-Pin Adapter Cable Installation Note, available from
www.agilent.com.

Design Considerations

The connector must be close enough to the signal source so that
the stub length created is less than 1/ 5 the t, (bus risetime). For
PC board material, (er = 4.9) and Z, in the range of 50 - 80Q, use
a propagation delay of 160 ps/inch of stub.

Each probed signal line must be able to supply a minimum of
600 mV to the probe tip and handle a minimum of 90 kQ
shunted by 10 pF. The maximum input voltage to the logic
analyzer is +40V peak

Other connectors

10

You may use other connector/probe combinations, including;:
¢ Agilent soft touch connectorless probe
¢ Agilent pro series soft touch connectorless probe

¢ Samtec connector with Agilent Samtec probe
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2 Designing Your Board

Design information for these connectors can be found on the
web at www.agilent.com. If you use one of these connectors,
route each signal to the same logic analyzer signal as shown for
the MICTOR connector. For example, PC_EX 15 should always be
connected to D0 even on the logic analyzer, regardless of which
connector/probe combination is used.

E9524A Inverse Assembler for Xilinx MicroBlaze 1
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2 Designing Your Board

Signal-To-Connector Mappings

MICTOR header
Mictor pin #

Analyzer Pod  MicroBlaze Trace Signal (top view) MicroBlaze Trace Signal Analyzer Pod
5V NC 1 2 NC 12C
5V NC 3 4 NC 12C

CLK even VALID_INSTR 5 6 CLOCK CLK odd
D15 even PC_EX 0 (MSB) 7 8 PC_EX 16 D15 odd
D14 even PC_EX1 9 10 PC_EX 17 D14 odd
D13 even PC_EX 2 11 12 PC_EX18 D13 odd
D12 even PC_EX3 13 14 PC_EX19 D12 odd
D11 even PC_EX 4 15 16 PC_EX 20 D11 odd
D10 even PC_EX5 17 18 PC_EX 21 D10 odd
D9 even PC_EX 6 19 20 PC_EX 22 D9 odd
D8 even PC_EX7 21 22 PC_EX 23 D8 odd
D7 even PC_EX8 23 24 PC_EX 24 D7 odd
D6 even PC_EX9 25 26 PC_EX 25 D6 odd
D5 even PC_EX 10 27 28 PC_EX 26 D5 odd
D4 even PC_EX 11 29 30 PC_EX 27 D4 odd
D3 even PC_EX 12 31 32 PC_EX 28 D3 odd
D2 even PC_EX 13 33 34 PC_EX 29 D2 odd
D1 even PC_EX 14 35 36 PC_EX 30 or GND D1 odd
D0 even PC_EX 15 37 38 PC_EX 31 or GND D0 odd

12 E9524A Inverse Assembler for Xilinx MicroBlaze



2 Designing Your Board

Bus and signal descriptions

PC_EX

Required. The MicroBlaze program counter, from the
MicroBlaze trace signals PC_EX.

Only the active bits of PC_EX need to be routed to the mictor
connector. In general, the most significant bits and the least
significant bits of PC_EX do not need to be routed to the
connector because they are static. This reduces the number of
FPGA pins that are dedicated to MicroBlaze trace.

Most significant bits The upper n bits of PC_EX do not need to
routed to the connector because they are static.

For example, suppose your system has 1M byte of program
memory. 1M byte can be addressed with 20 bits. The upper 12
bits of the 32-bit program counter are static and are not needed
by the inverse assembler. They do not have to be routed to the
connector.

You must route a contiguous set of PC-EX to the connector. For
example, if you route PC_EX12 and PC_EX15, then you must
also route PC_EX13 and PC_Ex14, even if fPC_EX13 and
PC_Ex14 are static.

Least significant bits The least significant two bits of PC_EX
are always zero. This is because the MicroBlaze instructions
always start on 4-byte boundaries. The least significant two bits
of PC_EX are represented by MICTOR pins 36 and 38. Agilent
recommends that these pins be grounded. There are two ways
to do this:

¢ Ground the pins by connecting them to MicroBlaze Trace
Signal PC_EX 30 and PC_EX 31 on the FPGA, or by
connecting them to any other FPGA pins that are ground.
This is the most straightforward method and provides
maximum flexibility by allowing the connector pins to be
used to probe any FPGA signal when they are not being used
for MicroBlaze debug. This method has the disadvantage of
using two pins of the FPGA to provide two bits of zero when
the connector is used for MicroBlaze debug.
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2 Designing Your Board

14

VALID_INSTR

CLOCK

NC

¢ Ground the pins by connecting them to a board ground. This
has the benefit of not using two pins of the FPGA, but it has
the disadvantage of eliminating pins 36 and 38 of the
MICTOR connector from any other use.

It is possible, but not recommended, to use MICTOR pins 36 and
38 for signals totally unrelated to the MicroBlaze core. In this
case, set an option in the inverse assembler is to indicate that
the least significant two bits of PC_EX have not been provided
to the logic analyzer. This has no adverse impact on the inverse
assembler, but it does make logic analyzer triggers more
complicated. To set a trigger on a program counter address, you
will need to shift the address right by two bits. For example, to
trigger on an instruction at 001C 1344, the logic analyzer trigger
would be set to 007 04D1.

Required. True when PC_EX is valid. One bit wide. This is the
MicroBlaze VALID_INSTR signal.

Required. The logic analyzer also uses the MicroBlaze CLOCK
signal. A logic analyzer state is captured for each clock cycle;
the clock is not displayed as a bus or signal.

Pins 1, 2, 3, and 4 must be true no-connects. Other NC signals
can be left floating (no connects), or used to measure other
signals of interest.
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3

Example: Using XPS to Set Up an FPGA
for the Inverse Assembler

This chapter gives an example of how to set up an FPGA and get

the signals required by the inverse assembler to appear on the
FPGA pins, using the Xilinx Platform Studio (XPS) 7.1i.

This is only an example. The steps you need to follow for your system will

be different.

Agilent Technologies
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3 Example: Using XPS to Set Up an FPGA for the Inverse Assembler

Overview of the Example System

The sample design is an Agilent Technologies demo board.

P7 : Patt Gen P3: Parallel
connector
P8: Soft touch P5: JTAG

U11:

200MHz

U3:
XC2V250

P9: Soft touch

=
3]
=)
[}
e
B
()
S
-
o

DS1,DS2: .
3

4 U6 :
XC18V02
s1: dip[1:8] s2: dip[9:16] P11 : Mictor

At the center of the board is a Xilinx XC2V250 device.
Connected to this device are logic analyzer connectors, P6, P7,
P8, P9, P10 and P11. Also connected to the FPGA is an 8 bit
pattern generator connector P4. For memory operations
component U7 is used. This component is a Cypress 16K static
ram is with an address to data valid time (taa) of 10 nS.
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3 Example: Using XPS to Set Up an FPGA for the Inverse Assembler

Routing the Required Signals to FPGA Pins

Route the signals to external pins by adding external ports and
modifying the UCF file:

1 In XPS, select Project->Add/Edit Cores.
2 Select the Ports tab.

Add/Edit Hardware Platform Specifications x|

Parigherals | Bus Connections | Add Pors | P |

3 Check the Show ports with default connections box. This makes
all MicroBlaze signals visible.

Add/Edit Hardware Platform Specifications x|
Paiicheral | Bus Cannections | Add Pors | P |
BXE  uemal Pors Comnections: I {Shows pos wih defalt connecion
Ptz Fikter
| | [T loala  Toannalface Teans 1
4 Select PC_EX and VALID_INSTR and click <<Add.
Add/Edit Hardware Platform Specifications x|
Paiicheral | Bus Cannections | Add Pors | P |
EE el Bots Connechone: [V Show ports wih default connections
Ptz Fiker:
Port Name Net Name [Pola... [Range [class  [Senst... |

=
fpga_0_LFDS GP... |fpos 0_LEDS GPL.. OUT  [0:] List of Posts, Cick Add to add ports
fpoa_0_DIP_Swit... |fpga_0_DIP_Swikc... IN [0:15]

IM_REQUEST <]
sys_dk_pin dem_dk_s N IM_RRw
sys_rst_pin sys_rst s N IM_SELECT
IM_SEQADDR "

&I I0FE_DBUS
10PE_ERRACK
Add Pclti

IOPE_MGRANT
IOPE_RETRY

10PB_TIMEOUT
I0PE_<FERALK.

DEG_CLK
DBG_TDI
Internal Ports Connections: DBG_TDO
DBG_REG_EN
Instance Port Name | Mt Name |Pol... |Range =] Make || DBBCAPTURE
dam_0 CLkFE dem_0_FE Rl Em‘mml
dem_D. RST net_grd =1
dem_0 LOCKED dem 0ok *]o REG_WRITE
mb_opb SYS_Rst sys_rst_s ll i E‘gg—';[égn
mb_opb 0PB_Clk sys_ok s =1 Delete || NEW_REG_VALUE
FIPE_RUNNING
il SYS_Rst sys_rst s ﬂl INTERRUPT_TAKEN
ks LMB_Ck sys_ck_s =1 Connect| | JUMP_TAKEN
dimb. SY5_Rst sys_tst_s = miaim-mm
dimb LMB_Ck sys_clk_s ;I 1 - Tiace_Branch_lnsti =
< | » 1] | ¥

E9524A Inverse Assembler for Xilinx MicroBlaze 17



3 Example: Using XPS to Set Up an FPGA for the Inverse Assembler

5 Select “VALID_INSTR” in internal port connections and click
Make External.

x|
Parigheral: | Bus C | Add Pors | P |
& Extemnal Poits Connections: l:ﬂ‘?:;" patte with defaul connections
ef
Port Name et Name [Pola... [Range [class  [Senst... | [ =
fpga_0_LFDS GP... |fpoa_0_LFDS_GPL.. OUT... [0:1] List of Posts, Cick Add to add posts
fpga_0_DIP_Swit,.. |Fpga_0_DIP_Swikc,.. INPUT [0:14] —
sys_ck_pin dem_dk_s INFUT DEG_REG_EN -g
sys_rst_pin sys_ret_s INFUT DBG_CAPTURE
microblaze_0_MAL... |microblaze_0_VAL... © BES_DUKJDS%I}RE J
microblaze_0_PC... |microblaze 0_PC_ExX O [0:29] i3
REG_WRITE
Bt REG_ADDR
MSF_REG
MEW_REG_WALUE
PIPE_RUNNING
INTERRUFT_TAKEN
Internal Ports Connections: JUMP_TAKEM
PREFETCH_ADDR
Instance Port Name Mk Marre Pol.., [Ranga :l ME_Haled
dam_0 LOCKED dem_0_lock ~la Make Trsce_Branch_Instr
o Extemal Trace_Delay_Slot
mb_oph SYS_Rst sys_rst s b 1 Trace_Data_Addiess
L | 12K,
fiby Y5 Rst srsrsd s ll I Trace_Data_Wrte
ik LMB_Ck. sys_ck_s :J 1 Dilete ;lace_ggﬂe_ﬁ_eq
dimb: SY¥5_Rst sys_rst_s ﬂl T:::_mad";ﬁ:]
dimb LMB_Ck sys_clk_s =|1 Connect| | Tiace_|Cache_Hit
microblaze_D VALID_INSTR: microblaze_0_., *|& lelsﬁ'slngrLfo
| microblaze_0 PC_EX 0 FSLO_S_READ -
4| 1| | »

Parigheral: | Bus C | Add Pors | P |
& Extemnal Poits Connections: l:ﬂ‘?:;" patte with defaul connections
ef

Port Name et Name [Pola... [Range [class  [Senst... | [ =

fpga_0_LFDS_GP.., |Fpos_0_LEDS_GPL.. OUT... [0:1] Liskof Pests. Clck Add to acd pests

fpga_0_DIP_Swit,.. |Fpga_0_DIP_Swikc,.. INPUT [0:14] —

sys_ck_pin dem_dk_s INFUT DEG_REG_EN -g

sys_rst_pin sys_ret_s INFUT DBG_CAPTURE

microblaze_0_VAL... |microblaze_0_VAL... © BEE'DUKJDSATLE J

microblaze_0_PC... |microblaze 0_PC_ExX O [0:29] i3
REG_WRITE
REG_ADDR
MSF_REG
MEW_REG_WALUE
PIPE_RUNNING
INTERRUFT_TAKEN

Internal Ports Connections: JUMP_TAKEM
PREFETCH_ADDR

Instance Port Name Mk Marre Pol.., [Ranga :l ME_Haled

dam_0 LOCKED dem_0_lock ~la Make Trsce_Branch_Instr

o Extemal Trace_Delay_Slot

mb_oph SYS_Rst sys_rst s fd i Tiace_Data_bddress

L | 12K,

fiby Y5 Rst srsrsd s ll I Trace_Data_Wrte

ik LMB_Ck. sys_ck_s :JI Dilete | ;lace_ggﬂe_ﬁ_eq

dimb: SY¥5_Rst sys_rst_s ﬂl T:::_mad";ﬁ:]

dimb Trace_|Cache_Hil
Trace_lnstr_EX

microblaze_0 FSL0S_CLK

| microblaze_0 FSLO_S_READ e

4| 1| | »

18
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3 Example: Using XPS to Set Up an FPGA for the Inverse Assembler

7 Add the MicroBlaze system clock (CLK) to an output. For this
case the clock signal is called “sys_clk_s”. This is done by
clicking Add Port. Fill in as shown below and click OK.

Part Mame

Imicroblaze_c:lk

Part Polarity ouT -
Fort Class lm

Fart Sensitivity I S l
Connected to IS}'S_C|k_S - l

=]

Cancel |

This is how your port setup should look:

Add,/Edit Hardware Platform Specifications _XJ
Paeh ']Buul" l;.x Ports l’" l
EE el Bots Connechone: [¥ Show posts with default connections
Poasts Fiker:
Port Name et Name [Pola... [Range [class  [Senst... | [ =
fpga_0_LFDS GP... |fpoa_0_LFDS_GPL.. OUT... [0:1] List of Posts, Cick Add to add ports
fpga_0_DIP_Swit.., |fpga_0_DIP_Swatc,., INPUT [0:14]
DBG_TDO =]
sys_dk_pin dem_dk_s INFUT DEG_REG_EN
sy5_rst_pin sys_ret_s INFUT DBG_CAPTURE
microblaze 0. VAL... | microblaze_0_VAL... © BES'DUKJDSATTRE N
microblaze_0_PC... |microblaze_0_PC_Ex O [0:29] PC_EX
microblaze_clk sys ch s our EEE—\:I;H[;LE
MSA_REG
HEW_REG_VALUE
PIPE_RUNNING
INTERRUPT_TAKEN
Internal Ports Connections: JUMP_TAKEM
PREFETCH_ADDR
Instance Port Name et Narme |Pol... |Range =] ME_Haled
dom_0 LOCKED don 0ok  x|O E":‘*"d Tisce_Branch_lnstt
il Trace_Delay Slot
mb_opb S¥5_Rst sys_rst_s R b Trace_Data Addiess
mb_oph 0PB_Clk sys_ck s =l cendd || Trcelas
b Sshs sl K| B
iy LME_Ch sys_ck_s _'J 1 Dielete Trace_DCache_Req
dimb SY5_Rst sys_rst_s Rk E::_I:gﬂ!ﬁ?;
dinbs LMB_Ck sys_ck_s =1 Cornect| | Tiace_ICacke, Hit
microblaze_D VALID_INSTR micrablaze_0_., *|o I‘sﬁ—g"‘éhfx
| microblaze_0 PC_EX microblaze | hd O ] FSLO_S_READ -
| » 4 »
Ok | Concel | wb | Heb |
#|

8 Modify your UCF file. Add pin locations for the MicroBlaze
trace outputs as shown in the example below. Note that the
actual pin locations are user-defined.

# IA FPGA pins
Net microblaze_clk LOC=L16;

Net microblaze_0_VALID_INSTR LOC=L15;

E9524A Inverse Assembler for Xilinx MicroBlaze
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3 Example: Using XPS to Set Up an FPGA for the Inverse Assembler

Net microblaze_0_PC_EX<29> LOC=C1l2;
Net microblaze_0_PC_EX<28> LOC=B13;
Net microblaze_0_PC_EX<27> LOC=D16;
Net microblaze_0_PC_EX<26> LOC=D15;
Net microblaze_0_PC_EX<25> LOC=D14;
Net microblaze_0_PC_EX<24> LOC=E1l6;
Net microblaze_0_PC_EX<23> LOC=El5;
Net microblaze_0_PC_EX<22> LOC=E14;
Net microblaze_0_PC_EX<21> LOC=F16;
Net microblaze_0_PC_EX<20> LOC=F15;
Net microblaze_0_PC_EX<19> LOC=G16;
Net microblaze_0_PC_EX<18> LOC=G1l5;
Net microblaze_0_PC_EX<17> LOC=K1l6;
Net microblaze_0_PC_EX<16> LOC=K15;
Net microblaze_0_PC_EX<15> LOC=B4;
Net microblaze_0_PC_EX<14> LOC=A5;
Net microblaze_0_PC_EX<13> LOC=B5;
Net microblaze_0_PC_EX<12> LOC=C5;
Net microblaze_0_PC_EX<11l> LOC=A6;
Net microblaze_0_PC_EX<10> LOC=B6;
Net microblaze_0_PC_EX<9> LOC=D6;

Net microblaze_0_PC_EX<8> LOC=A7;

Net microblaze_0_PC_EX<7> LOC=B7;

Net microblaze_0_PC_EX<6> LOC=C7;

Net microblaze_0_PC_EX<5> LOC=Al1l0;
Net microblaze_0_PC_EX<4> LOC=B10;
Net microblaze_0_PC_EX<3> LOC=D10;
Net microblaze_0_PC_EX<2> LOC=Al1l;
Net microblaze_0_PC_EX<1> LOC=B1l1;
Net microblaze_0_PC_EX<0> LOC=C1l1;

20 E9524A Inverse Assembler for Xilinx MicroBlaze



Building the Software

3 Example: Using XPS to Set Up an FPGA for the Inverse Assembler

Once you have added the ports and modified the UCF file, build
your software and download the FPGA bit file.

1 In XPS, select Tools>Generate Bitstream.
2 Select Tools->Generate Libraries and Bsps.
3 Set the compiler options.

Set Compiler settings for the project: Tests) ﬂ

Erwironment  Optimization l Directoriesl Advancedl

— Optimization P.

Optimization Level Mo Dptimization

Level 3 iz the most optimized level.

™ Use Global Pointer Optimization

[ Enable Profiing  [deprecated, use -pg in advanced)
For profiling xilprofile library must be included in S platform

— Debug Option:
" Do not generate debug symbols
' Create symbals for debugging [-g option)
" Create symbols for assembly [-gstabs option)

MOTE: If an optimization level iz set, and -g is also set, the
debug information may not be correlated to source code.

1] I Cancel | Help |

4 When you are done creating the application and setting the
options, right-click the project name in the tree view and
select Build Project to create the executable. Alternatively,
select Tools> Compile Program Sources in XPS to build all of the
applications.

5 After building the applications, XPS allows you to select the
application that must be initialized in the generated
bitstream. To initialize the hello_world_app executable in the
bitstream, right-click on the project name hello_world_app in
the tree view and select Mark to Initialize BRAMs. From the
XPS main window, select Tools>Update Bitstream to initialize
the BRAMs with the application’s executable information.

6 Download fpga bit file “implementation/download.bit”

E9524A Inverse Assembler for Xilinx MicroBlaze 21



3 Example: Using XPS to Set Up an FPGA for the Inverse Assembler
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