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1 Introduction

The 1/0 Module is an optional add-on to the iC5000 emulator.

It provides the capability to measure digital and analog signals as well as drive them.

Input signals can be read out asynchronously from winlDEA IDE or by external applications and scripts using
the isystem.connect interface. A real-time capture, alongside the on-chip trace or standalone, is also possible.

Output signals can likewise be driven from the IDE or via isystem.connect. Beside simple assertion of an output,
one or more outputs can be driven by a state machine based waveform generator, which can be triggered by
input signals.

testiDEA uses isystem.connect interface to assert outputs prior to the test and verify inputs after the test.
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1.1 Hardware Features

Following ports are accessible:
e  System Port: inter-emulator synchronization and trigger output, 1000hm series termination.
e Digital inputs: 8 channels, 10kOhm input impedance, 5V tolerant, ESD protected.

e Digital outputs: 8 channels, 1000hm output series termination, ESD protected.

e Analog inputs: 2 channels, 8-bit ADCs, IMOhm input impedance, range is 5.0V with 1:1 probe, =50V

with a 10:1 probe, 3ns acquisition time.

Power measurement probe uses these two inputs for power measurement. (Available on rev. C and later)

e Analog outputs: 2 channels, 8-bit DACs, +4.5V bipolar output, £7mA drive, 100ohm output resistance.

e Optional 10MHz temperature compensated precision oscillator TCXO for a high accuracy long duration

trace/analyzer session measurements.
All digital signals are 3.3V LVTTL compatible and are ESD protected.

All analog signals have a Schottky diode over- / undervoltage protection, except the Current Sense signals.

The maximum voltage on the Current Sense probe is 60V.

Nominal sampling rate is IMSPS.

1.1.1 Connectors

CURRENT SENSE ANALOG OUTPUTS DIGITAL OUTPUTS
RS1+ GND AOUTO AOpT1 |OUTO|OUT1{OUT2|0OUT3|0UT4|OUT5|0UT6|OUT7 IOM2
RS1- GND GND | GND | GND | GND | GND GND | GND | GND | GND | GND | GND | GND | GND
ANALOG INPUTS DIGITAL INPUTS SYNCHRONIZATION
x| ; } ‘; ) ANt iNo | Nt [ N2 [ N3 | N | N5 | ine | N7 REESET ST:OP il
N i/ - _GND GND | GND | GND | GND | GND | GND | GND GND | GND | GND | GND | GND
Connector Pinout
e 10-pin header for the System Port.
e 16-pin header for 8 digital inputs.
e 16-pin header for 8 digital outputs.
e 10-pin header for 2 analog outputs.
e 2 BNC connectors for 2 analog inputs.
e 10-pin header for Power Measurement Port (rev. C and later).
All connectors, except the BNCs, are standard Berg 2.54mm / 100mils raster.
For analog inputs, standard scope probes can be used.
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2 Usage
2.1 Connecting External Signals

2.1.1 Input Signal Adaptation

When connecting to external signals please make sure not to exceed the specified input and output range of the
IOM signal interface. If the digital input source voltage is higher than 5V, please condition the signal source with
a suitable resistor divider, or a resistor-zener diode limiter.

In case, for example, a 24V source is connected directly to a module digital input, an excess input current of
about 18mA will flow through an input 1K resistor and a diode in the ESD protection device to the module
internal 5V power supply.

Although this may not sound catastrophic, it must be avoided. Any long-term exposure will lead to a degradation
of the module electronics due to electromigration.

On the other hand, if an analog input signal amplitude is smaller than the module input analog range, it is
recommended to add a suitable amplifier to make use of the full A/D converter resolution.

2.1.2 Power Measurement

When the IOM is switched to Power Measurement mode (Hardware/Options/ 10 dialog, Use AINO/AIN1 for

Power Measurement), the AINO is used for voltage measurement and AIN1 for current measurement.

For voltage measurement

e Connect AINO input to the target voltage at the RS-. That’s the low side of the target shunt resistor.

o If the voltage is higher than 5V, use a suitable resistor divider. Enter the divider ratio as a Voltage/Multiply
factor in the configuration dialog.

For current measurement

e Disconnect the AIN1 from other sources

e  Use the Current Sense connector to connect the RS+ and RS- pins to a high side and a low side of the
target shunt resistor, respectively.

e Specify the resistance of the RS shunt resistor in the configuration dialog.

This schematic depicts correct power measurement setup.

IOM Current Sense

GRDO

Lulobte IOM Voltage Sense
Uui!lﬂk‘)
E P0099 AING BNC connector
RS
Shunt Resistor
Power Target
Supply Assembly
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Note: The full-scale shunt voltage range is 250mV. So, for example, a 1Q shunt resistor gives a current range of
250mA.

Full-scale Shunt Voltage Shunt Resistance FuII—s;i:ﬁgCéurrent Sgitgrgpz?iv(\)/ﬁr
250mVv 1.00 Q 0.25A 0.063W
250mv 0.25Q 1.00A 0.250W
250mv 0.10Q 2.50A 0.625W

2.1.3 Power Probe

The PowerProbe is an optional power interface board. It is to be connected between a target power supply and a
target board itself. Additional connections are to be made for the IOM current and voltage probes.

2.1.3.1 Connectors, Jumpers and a Switch

P1and P2

Target power supply inputs. Use one or the other.

P3

10-pin Berg connector to connect the IOM Current Probe.

P4 and P5

Power supply output towards the target.

ST1

BNC connector for the IOM Voltage Probe. To be connected to the AINO analog input.
JB1

Jumper block for selecting different shunt resistors.

Note:

1) Excessive current will burn the resistors.

2) Never set more than one jumper position at a time.

3) Selected shunt resistors must handle the heat generated by the power dissipated on them.
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Three of the five available positions are populated with resistors:

Position Shunt Resistance Sw#g;‘uzfr?;sgfg‘fe
0.25A 1.00 Q 100G
1A 0.25Q 0.26 Q
2A5 0.10 Q 0.110

The remaining two positions are available for a custom user setup with unpopulated resistors R5 and R®6.

Note that with lower shunt resistor values also the JB1 jumper resistance starts to play a role and may influence
the measurement. This can be easily compensated by slightly increasing the shunt resistance value in the
winIDEA setup dialog, by 0.01Q, for example.

JB2

Jumper block for selecting different voltage ranges.

Note: 1) Never set more than one jumper position at a time.

Three of the five available positions are populated with resistor dividers:

Positon Resistors onfauration)
5V 0/10kQ 1
10V 10/10kQ 2
20V 30/10kQ 4

The remaining two positions are available for a custom user setup with unpopulated resistors R12 and R13. The
lower part of the voltage divider is set by the R9 of 10kQ.

SW1
Switches target power on or off.
LD1

Power LED. Note that the LED needs a very small current to light and may glow because of a parasitic current
flowing, for example, when the emulator switched on and the target is off.
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2.1.3.2

Connection Procedure
Switch off target and emulator
Power down the target supply
Select 2.5A or higher target current range to be on the safe side
Select 20V or higher target voltage range
Set SW1 to OFF position
Connect target supply to P1 or P2
Connect target to P4 or P5
Connect the ST1 voltage probe to the IOM AINO input
Connect P3 to the IOM Current Sense connector
Switch emulator on
Switch target supply on
Switch SW1 to ON position

Now, you are set to go.

In case the target current and/or voltage are below the other given ranges, repeat the procedure above and select
appropriate ranges to improve resolution of the measurement.

2.1.3.3 Verification

To verify that the displayed voltage and current values are correct, use an independent voltage and current
measurement instrument.
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2.2 Configuration

1/0 module configuration is performed in Hardware/Options dialog.

.
Hardware Options ﬁ
Ijo Debug Output
Digital IN Digital OUT
Show  MName Driver Mame Initial state
Mg  Dpmo DOLTD LOW -
1 DN DOUT1 LOW -
3 DINZ DOUT3 LOW -
5 DINS DOUTS LOW -
& DING DOUTS LOW v
7  DIN7 DOUT? LOW -
Analog IM Analog OUT
Show  Mame Multiply Drriver Mame Initial state
0 [voltage [ ¢~ AOUTD [] O S
1 [ current ([ 1 ADUT1 [ 0 gy
ultiplier specifies by how much the
etected input is multiplied. Pattern OUT
f signal is externally divided by 10, & [ ][ Edit ]
et multiplier to 10.
Clock source [Internal - ]
Average samples Clock prescaler [1: 1 v]
Trace Sampling Power Measurement
Qualifier [Euery dodk vl Use AIMNOfAIN1 for power measurement E]
Mode [,-_‘" IM and OUT vl Current Shunt Resistor Power Probe table
0.11 Ohm 0.254 1.00 Ohm
[] show Outputs in Analyzer T 1A 0.26 Chm
2.5A 0,11 Chm
ote; these are the startup setting which take effect at download time,
or live manipulation open: HardwareTools/I0 Module

All signals are accessible (HIL interface) by a configurable symbolic name. I/Os are mapped as follows:

110 HIL Mapping Example

Digital IN Digitalln.<name> Digitalln.DINO
Digital OUT DigitalOut.<name> DigitalOut.MyOutput
Analog IN Analogln.<name> Analogln.Temperature
Analog OUT AnalogOut.<name> AnalogOut. AOUT1
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2.2.1 Inputs
Show

If set, the Input will be shown in the Measurment plugin and via HIL interface.

2.2.1.1 AnalogIN

Multiply

Multiplier specifies by how much the detected input is multiplied.
If a signal is externally divided by 10, set the multiplier to 10.

Advanced configuration

The Ll button next to signal name allows further configuration of an analog signal.
Range setting provides means to display an analog signal scaled to the range of interest.

e Full the signal is scaled between minimum and maximum

Edit options
measurable range

e Fixed the signal is scaled between the configured Min and Max
values Property Walue
e Auto the signal is scaled between minimum and maximum = Voltage
recorded values Fixed
Min a
2.2.2 Outputs Max 35
Driver

An output can be driven manually (e.g. via script or Manipulation Dialog), via Pattern engine or both.

Driver Effect

Disabled The output cannot be driven

Manual The output can be driven manually only

Pattern The output can be driven by the pattern engine only

Both The output can be driven manually and by the pattern engine
Initial state

When the I/0 module is initialized, the outputs will assume the specified initial state.

2.2.3 Pattern OUT

Outputs can be driven by the Pattern engine (see Output Pattern Generator). This setting defines which Pattern
program is loaded at initialization time.

Clock Source
This is the pattern clock source.

e Internal — the 1IMHz internal sampling clock is used (default)
e External — the positive edge on DINO is used as clock

Clock Prescaler
Prescaler is used with in conjuction with the pattern sample duration.

This setting is used only with internal Clock Source. The 1:1 prescaler is using the internal 1MHz clock.Using
higher prescalers, longer durations can be achieved.
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2.3 Monitoring Inputs and Manipulating Outputs
2.3.1 Manipulation Dialog

The Hardware/Tools/IO Module dialog provides the monitoring and manipulation capability of the 1/O Module.

i [}
Hardware Tools ﬁ
| JTAG Scan | JTAG Chain | Trace Line Calibration
140 Module | 1/0 Module Calibration | Memory
Diigital IM Dligital OUT
DIND LOW |DOUTD Low S
DIN1 LOW MyOutput LOW Set
DINZ LOW |DOUT2 LOW v| [Set]
DIN3 LOW |DOUT3 LOwW x| [Set]
DIN4 LOW |DOUT4 LOwW x| [Set]
DING Low |DOUTS LOW v| [Set]
DING LOW |DOUTE Low v| [Set]
DIN7 LOW |DOUT? Low v| [Set]
Analog IN Analog QUT
Temperature  -0.08 AOUTO 0 -V
AIN1 -2.46 ADUTT 0 -V
Pattem OUT
Config A B Pattem Test cav - E]
[W|Corfig @A  [¥]B B ERERY
Pattem Test.csv
Corfig A B PattemTest2 cav I
MCofig @A @B - [
[ Reset Channel A ] [ Reset Channel B ]
[ Reset Channels Aand B ]

2.3.1.1 Inputs

For all inputs the currently detected state is displayed and periodically refreshed.

2.3.1.2 Outputs

Digital and Analog outputs which can be manually driven, can be asserted to the specified value.

Note: the value is asserted when the Set button is clicked.

2.3.1.3 Pattern OUT
New Pattern programs can be loaded with the Set button.

The Config, A and B options specify which part of the program is loaded from the pattern file:
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e Config — pattern state machine configuration is loaded
e A-—table Ais loaded
e B —tableB isloaded

Reset Channel buttons can reset individual or both channels of the pattern engine (HRPTABX input is driven

active)

2.3.2 HIL Monitor Plugin
Plugin/HIL Monitor provides the monitoring and manipulation capability of the 1/0 Module.

i -
#.| HIL Monitor - Parameter values EIM

Al
MF

Path Value
=I-DigitalCut
DouTo
MyCutput
DouT2
DouUT3
DouT4
DOUTS
DOUTE
DouT?
+-Digitalln
+-AnalogOut
=I-Analagin
Temperature -0.04
Al -2.42

To modify an output, double click its value in the Value column.

i

To refresh the inputs manually, click the icon.

To refresh the inputs manually, click the = icon.

2.3.3 Evaluation Expressions

HIL variables can be used in standard expressions, by using the apostrophe " prefix.

"Digitalln.DINOQ a

-
%] Watch = | B |-
a‘-d'&-d|£': _T|lg[u—_ﬁ F’reset’ v]
Mame Value
"AnalogIn.Temperature * 100,"%.1f C" -4.0 ¢

& Watchl & Watch? & Rt.Watchl &d Rt.Watch? |
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2.3.4 Trace

All Input signals are sampled simultaneously. The sampling is
configured in the Hardware/Options dialog.

Trace Sampling

Qualifier [E

Mode | Al 1N and oUT v

Qualifier

Qualifier defines an additional filter for sampling. [Ell Show Outputs in Analyzer

e Every clock —a sample is taken at every 1MHz internal clock
e Every4/16/64 clocks — a sample is taken at a divided rate

e Onchange — a sample is taken only when the states on the input lines change. This reduces the amount of
recorded data.

Note: only input lines which are not disabled in the Hardware/Options dialog are monitored for change.

Mode
e AllIN and OUT - all input and output lines are sampled
e Direct DINO-3 — digital inputs 0-3 are sampled at 200MHz rate. On change qualifier is used in this case.

Show Outputs in Analyzer

If this option is checked, the outputs will be shown in the Analyzer Timeline.

2.3.4.1 Trigger configuration

The 1/0 module can generate a trigger for the iC5000 trace engine. Configuration is available in the trigger
configuration dialog of the Analyzer window.

Trigger - [New Item]

| Fecorder | Trigger I eDMA | 1/O Module

Trigger
[¥] Enabled 7 4 3 0
[¥] Condition 1 [l
Digital TN OR
[Clconditonz [H @ H H @ @ @ &
QR
Analog IN D 2.9 v
QR W

Qualifier
Record all

2.3.4.1.1 Trigger

Trigger determines the condition upon which the 1/0 module will signal the iC5000 to start recording.
Enabled

Enables the 1/0 module trigger output to the iC5000 trace engine.
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Digital IN

Digital inputs 0 — 7 can be a trigger source. Two combinations of digital inputs (Condition 1 and Condition 2)
can be defined.

. trigger if this input is in low state

e Yitrigger if this input is in high state

. do not consider this input in the trigger condition

A condition is fulfilled if the enabled inputs match the configured value.

The trigger will be generated if either of enabled Conditions matches.

In the above example, trigger is generated if DIN4 is high and DING is low, or AINO is below 2.9V.
Analog INOand 1

Both analog inputs can be a trigger source. The trigger is generated if the measured voltage is Lower or Higher
than the specified threshold.

2.3.4.1.2 Qualifier

Qualifier determines the type of 1/0 module acquired information which is recorded in the trace buffer and
streamed to the host.

Record all

If this option is checked then all I/O module inputs are recorded. Otherwise no 1/0 samples are recorded.
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2.35 Profiler

Real-time profiling of I/O module’s signals is available in Analyzer’s Profiler mode.
To enable profiling, enable the AUX option in the Profiler configuration dialog.

[
Profiler Configuration

Profiler |

Profile Start at

i Code Anything - ” |E]
Data
] T

[omercas.. |

Ignore unknown functionsfvariables
Limit session duration El 5 Allow functions without exits

IJse Ox prefix on hexadedmal values Ignore functions which exit on entry
Areas

[ code Data |

=

Both inputs and outputs are traced and displayed in the timeline view.

Digital lines are treated as state variables, Analog lines as regular variables.

Db oG- B] s o] QAR B50mms

A £ History

! ]

|14.31 us (69.88kHz) [11.98 ms[11.98 ms[111.99 ms[-2.07 us (483.09kHz)

For more information refer to the Analyzer document.

© iSYSTEM, April 2012 13/18



2.3.6 testIDEA

testIDEA is using the HIL interface to gain access to the 1/0 Module. This allows setting of inputs prior to
performing a unit test:

[+ Functicn
. HIL Parameter Path Value
B Variables
i Stubs  DigitalQut.Button3 LOw
JE g
i Coverage
& Profiler
§ Trace
[= HIL
i Scripts
i Options
...and evaluation of outputs after the test:
w= Function ID: ButtonTest
J& Variables o
J Stubs Description: Dashbeard button test
[ Coverage Tags:
F g g
¥ Profiler
i Trace Function: i IsKeyPressed
[= HIL
¥ Scripts
- Options Params: E

Ret. val.: v

Expected

Digitalln.Button3 == LOW

For more information please refer to testiDEA manual.
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2.3.7 Isystem.connect access

External applications can use isystem.connect to monitor and manipulate the 1/0 module via the HIL interface
class CHILController.

This Python example demonstrate s reading and writing analog and digital 1/0s.

import isystem.connect as ic

#create connection and hil controller object
cMgr = ic.ConnectionMgr ()

cMgr.connectMRU ('")
hilCtrl = ic.CHILController (cMgr)

#set analog output to specified voltage level
def AnalogOutputWrite (channelName, voltageLevel):

hilCtrl.write('AnalogOut.' + channelName + ': ' + voltageLevel)

#get analog input voltage level
def AnalogInputRead(channelName) :

return hilCtrl.read('AnalogIn.' + channelName)

#set digital output to specified level
def DigitalOutputWrite (channelName, state):

hilCtrl.write('DigitalOut.' + channelName + ': ' + state)

#get digital input state
def DigitalInputRead (channelName) :

return hilCtrl.read('DigitalIn.' + channelName)
AnalogOutputWrite ('AOUTO', '1.8")
print "Analog input AINO voltage level: ", AnalogInputRead('AINO')

DigitalOutputWrite ('DOUTO', 'HIGH')

print "Digital input DINO state: ", DigitalInputRead('DINO')
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3 Output Pattern Generator

The Pattern module generates data on 3 output ports, one 8-bit digital and two analog.

The output data is selected by individual Output Muxes and provided by Pattern Tables A an B. Table T1 shows
all possible options available. Registers SELOUTD, SELOUTAO and SELOUTAL1 select options, as defined in
the Table T1. Option #7 (RTMx ? A : B) provides the possibility to alter the pattern output data according to
some real time events using RTM input of the Output Mux. When the RTM is high, the Table A is selected, and
Table B otherwise.

IC5000 10 Module Pattern

Pattern Tables A and B A Table T1
SELOUTX OUTx
HRPTABI[O! Reset0 ) 0
> Resetl
EVT[RTRPTA] » Y 1 A
2 B
B 3 A|B
4 A&B
5 A+B
HRPTAB[1 - Reset0 6! A-B
EVTIRIRPTB] Resadl
o 7 RTMx?A:B
Output Muxes
Mux & Reset Events Pattern Outputs
- — a
Pattern Inputs 5
Q
L » =1 9 U
[a) fa [ | 2
IND Q9 i
2 EVID ﬁ E 1l
o o a
PP > =
SsS EVT[RTIMUXD | S 8
EvsselD | MY 2 RTM
°
=
. =] 2
° 5
) =1 ©
9 ° - o
NAO S =2 —
= : £ -
1 EVIAO A © o
g > g g
S > EVT[RTMUXAQ! > =)
EVSSELAO w 2 RTNP
- B (o2}
S
.0 =
2 g
2|
o e
P4 = o
(5) 2
w F
N 1l
— -
< | =S
a EVT[RTMUXA1] > 2
EVSSELA1 L RT"P
- Pattern tables A and B: up to 512 entryes each: {Cntrl, Timer/Goto[19:0], Pattern Data[11:0]}
- Pattern tables Reset inputs are or-ed, high active. ResetO is HostReset, accessed only by winIDEa menu S
- Output muxes selects the output data, refer to table T1 > Event control
Registers description: [ ‘
EVCDMx Byte masks for Digital I/O Events
EVCAX 12 bit words for Analog 1/O Events
EVSSELX control bits for I/O events input selection
Real time mux event selectors . Pattern Data
RTRPTX Real time Pattern table reset event selectors
SELOUTX Pattern outputs selectors — refer to Table T1
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The RTM inputs are selected by RTMUXD, RTMUXAO and RTMUXAL1 registers and provided by Event
Comparators. Low, High, Falling or Rising for each Digital, Analog0 and Analogl comparators are available.
The Digital Event Comparator compares input data selected by EVSSELD to EVCDMO0 and EVCDML registers.
Analog Comparators compare input data selected by EVSSELAO/1 to EVCAO/1 registers. EVSSELD/AO/AL
registers chooses comparator inputs between I0Module input ports and Pattern Output ports.

Pattern Tables A and B can be reset in real time, using RTRPTA and RTRPTB registers, which choose the reset
event. Pattern tables can be also reset by the host via Hardware Tools / I/O Module dialog.

Each of Pattern Tables A and B can hold up to 512 entries. Data size 12 bit. Time resolution 1us, data change
can be delayed for 220 us max.

3.1 Pattern Definition File Format Specification
Pattern definition file is a CSV file using the following format.

HEADER, <version> // must preceede any other entry other than REM
<version> =1

REM[ , comment]

Defines a comment.

CFG, <REGNAME >, <REGVALUE>
Configures a register.

<REGNAME> = name of register

<REGVALUE> = Ox<hex> | <dec> | <enum> | <voltage in mV>
REGNAME REGVALUE
SELOUTD 0
SELOUTAO A
SELOUTA1 B

Al B

A &B

A+ B

A-B

RTMx ?» A : B
RTRPTA 0
RTRPTB DL
RTMUXD DH
RTMUXAQ DF
RTMUXA1 DR

AoL

AGH

AOF

AGR

AlL

AlH

AlF

A1R
EVCDMO ox<hex> | <«dec>
EVCDM1 ox<hex> | <«dec>
EVCAO <voltage in mV>
EVCA1l <voltage in mV>
EVSSELD IN
EVSSELA®O ouT
EVSSELA1l

TABLE[, [A | B] [, mV]]
Defines a table. SEQ and GOTO entries which follow are put into this table.
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if A or B is not specified, a non assigned table is loaded - used for incremental programming

if mV is specified, the data is interpreted as millivolts and is adjusted by the loader

SEQ, <duration>[, <data>[, <label>]]
Defines a single sequential table entry, its duration, data to assert on the output and a label.

<duration> = <dec> | <def>
<data> = Ox<hex> | <dec> | <def>

GOTO, <destination>[, <data>]

Defines a jump in the table. The jump consumes one cycle, if data is specified, this data is asserted for the
duration of the cycle.

<destination> = <label> | <dec> | @x<hex>
<data> = Ox<hex> | <dec> | <def>

DEF, <label>[, <value>]

Defines a label, if <value> is omitted, current position is used.
<value> = Ox<hex> | <dec> | <label>

Example:

TableA square

HEADER, 1

CFG, SELOUTD, B

CFG,SELOUTAQ,A
CFG,SELOUTAL,B

TABLE,A, mV
SEQ, 194, -4000, L0
SEQ, 195, +4000
GOTO, LO
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