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1.1

1.2

roduction

The Concept

Have you ever thought of a system that combines the deterministic performance of RTL languages
with the flexibility of high-level scripting? The LT16M bridges this gap by offering a dual-level
programming model: low-level digital pattern generation and high-level Python scripting for
automation and analysis.

The LT16M, figure 1.1, is a comprehensive mixed-signal test and debug station designed for
embedded systems engineers, educators, and hardware developers. It enables precise control over
digital signals while allowing advanced data manipulation and visualization through Python.

10]0:15]

Figure 1.1: LT16M box front panel

Figure 1.2: LT16M Box

Use Cases and Capabilities

The LT16M is ideal for:
* Debugging faulty circuits and integrated chips
* Prototyping digital and analog designs
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* Mixed-signal waveform generation and capture
* Automated test sequencing and data visualization
* Educational labs and hands-on embedded systems training

1.3 System Overview
The LT16M system consists of:

* LT16M Hardware Box — Executes patterns, captures/generates analog signals, and manages
power supplies

* LTStudio IDE — A Windows-based GUI for editing, compiling, and executing patterns and
Python services

* USB Interface — Connects the PC to the LT16M for control and data exchange

Batches &
Services

Digital
JuL

LTStudio | -g@p

P

Figure 1.3: Top-level system architecture of LT16M

The LT16M integrates the capabilities of multiple instruments into one platform:
* Logic Analyzer

* Pattern Generator

* Oscilloscope

* Programmable Power Supply

This manual will guide you through setup, programming, data logging, and practical examples
to help you make the most of LT16M.



2.1 LT16M Box

10V FVMY, FVMI
25UA fo *500mA.

FIXED [+ - Y

-10V to 10V Differential

Figure 2.1: Front panel of LT16M

The LT16M hardware is a compact, mixed-signal test and debug station designed by LogicTerm. It

integrates digital and analog I/O, power supplies, and user interface elements into a single enclosure.
¢ 16 bidirectional digital I/O (DIO) pins with LED status indicators 6)

4 digital drive-only (DO) pins 7

2 high-speed ADCs (£10V, 200 KS/s, 16-bit) D

2 DACs (0-10V, 1 MS/s, 16-bit) @ @

¢ Programmable Power Supply (PPS) with 7 current ranges and clamping )
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* Fixed power rails: 3.3V, 2.5V, 1.8V, 1.2V @ 200mA )
 User I/0: RGB LED (ULED) (9 and push button (UBTN)

» System status indicator can be Red (Disconnected), Green (Ready), or Blue (Running)

2.2 Digital 1/0 Capabilities

* Fully programmable at 100 MS/s real-time sample rate for DIOs

* Fully programmable at 25 MHz update rate for DOs

* 1K-entry pattern buffer (16-bit wide)

* 4K sample capture buffer

* Selectable LVCMOS levels: 1.8V, 2.5V, 3.3V (via jumper, figure 2.2)
* 1mA source/sink per pin

* Integrated LEDs for all 20 digital pins

LOGICT=RM
®

result in damage or malfunction.

Q)

Connect — =
to Host 1.8V

USB20Q ~in

Figure 2.2: Back panel of LT16M showing jumper configuration

2.3 Userl/O

* UBTN: User push button checked by pattern or service
* ULED: RGB LED controlled via pattern or service

2.4 Analog Capabilities
Analog-to-Digital Converters (ADC)

* Two differential channels

* =10V input range

200 KS/s, 16-bit resolution

* 0.3 mV resolution, +0.5% accuracy
128 dB CMRR, 94.2 dB typical SNR
1000 MQ |l 3 pF input impedance

Digital-to-Analog Converters (DAC)

* Two single-ended channels (DACO and DAC1)
* Output range: 0-10V



2.5

2.6

2.7

2.5 Power Supply 13

» Update rate: 1 MS/s

* Maximum output current: 50 mA per channel

* Resolution: 16-bit (0.153 mV per LSB)

* QOutput impedance: Few mQ at low frequencies, approaching unity gain at high frequencies
o Slew rate: ?7777? V/us

* Maximum load capacitance: ??77?? pF

Power Supply
¢ Fixed Power Rails: 3.3V, 2.5V, 1.8V, 1.2V @ 200mA maximum current each

Programmable Power Supply (PPS)

* Voltage Ranges: Three modes covering +10V:
— Range 1 (Bipolar): -6V to +6V
— Range 2 (Positive): 0 to +10V
— Range 3 (Negative): 0 to -10V
* Current Ranges: +5 pA, 25 pA, £250 pA, £2.5 mA, £25 mA, 250 mA, to +500 mA
(source) / -250 mA (sink) — 7 ranges total
* Settling Time: 10 to 50 ps (range dependent)
* Modes: Force Voltage / Measure Voltage (FVMYV), Force Voltage / Measure Current (FVMI)
* Features: Current clamping, programmable compliance voltage
e Current Clamping: Prevents overcurrent damage to device under test; user-programmable
threshold

frequencies

Environmental and Operating Conditions

Temperature

* Operating Temperature: -10°C to 50°C
* Storage Temperature: -20°C to 70°C

Humidity
* Operating: 10% to 90% relative humidity (non-condensing)
 Storage: 5% to 95% relative humidity (non-condensing)

Power Consumption
¢ Idle (no pattern running): ??77?? mA
* Active pattern (typical): 7?7777 mA
* Maximum (all subsystems active): 77777 W

Safety Warnings and Precautions

Warning 1 Electrical Safety:
* Do not apply voltages exceeding £10 V to any analog input pins (ADC inputs)
* Do not exceed maximum current ratings: 1 mA per DIO pin, 50 mA per DAC output
 All digital pins include ESD protection diodes; use proper ESD protection when handling
the device
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I * Do not touch internal components while the device is powered

Warning 2 Power Supply Operation:
» Use only the supplied power adapter with correct voltage and polarity
* Do not modify or override power supply specifications
* Do not apply external voltage to any power rails
* Do not load any fixed power rail beyond specified maximum of 200 mA per rail
* PPS supplies: Do not exceed maximum current limits for selected range

Warning 3 Jumper Configuration:
* Always power off the LT16M before changing jumper settings
Allow 30 seconds after power-off before making changes
* Verify jumper position visually after configuration
* Reapply power and verify status LED (green = ready) before resuming operation
* Changing voltage levels while powered may cause permanent damage

Warning 4 Device Under Test (DUT) Protection:
» Use PPS current clamping to prevent overcurrent damage to unknown circuits
* Start with lowest current range when testing new devices
* Verify correct polarity before applying power to DUT
» Use current limiting techniques when testing suspected short circuits

2.8 Regulatory Compliance

I Warning 5 Under construction!

The LT16M has been tested and certified for compliance with the following standards:
e FCC Part 15 Class B (Electromagnetic Interference): Certified
* CE Mark compliance (European Union): Certified
* RoHS 2.0 (Directive 2011/65/EU): Compliant
* WEEE Directive (2012/19/EU): Compliant

For detailed certification information and safety documentation, contact LogicTerm Inc. or visit

the support website.



3.1 LTStudio IDE

LTStudio is a Windows-based integrated development environment (IDE) designed to control the
LT16M hardware. It allows users to:

* Compile and load digital patterns

» Execute Python services and batch scripts

* Visualize and export logged data

* Manage projects and object libraries

® LogicTerm Studio — LT16A.V1 [ CAUsers\UsenLTStudio\testFles\working_projtpj ] - 0 X

Fie Hep
L ERRE@ 2 @D ¢ Qe
Project Manager “Bx
24> working_proj.ftpj

s tianes

est_brandl

b Geneomas < onrormator < @ ) ©) @ |k wmmanin - (@O cace

=Bx

Not connected!

Figure 3.1: LTStudio startup screen

3.2 LTStudio Control Menu

1. Connect: connects LTStudio to the LT16M hardware box via a USB cable. LT16M Status
LED changes color from Red to Green when connected.
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3.4
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r ~
M LogicTerm Studio -- LT16A_V1 [ C:\Users\User\LTStudio\testFiles\working_proj.Itpj ] = ] X
File Help

HE@ 2@ 9D ¢ Q |ptem tetfiags  ~ GeneralFormats ~ oncFormatxor + @ € () (D) | Batch: testBatention ) O CTRACE

Project Manager =B X cattlb

- Patterns z r .
[ nested_loops N !
[ test_cycles 376
D test_trigger 377 oPattern (test_calll) {
D test alu 378 dauto cycle=ddta, x=rl5, y=r0, z=rl;
[7] repeatTest 379
D paramTest 380 cycle=ddta, r0=0, rl1=10, x=r0;
™ sas o ELA] rrala=AA+ s »N=1 »1R=N-"

Figure 3.2: LTStudio control button bar

. Save project: save all files into project and compile all.

. Add object: add a new LT16M library or batch file to current project.

. Add service: add a service file to current project.

. Undo: undo last change

. Redo: redo last change after it was undone

. Find: search in current open tab

. Pattern drop-down menu: choose one of the current compiled patterns.
. Formats drop-down menu: choose one of the current compiled formats.
. Signals drop-down menu: choose one of the current compiled signals.

. Reset: reset digital pattern generator. It will bring the pattern generator to a known state.
. Start pattern: start the current selected pattern/formats/signals.

. Stop pattern: stop the running pattern.

. Pause pattern: pause the running pattern.

. Batch dropdown menu: choose one of the current batches.

. Start batch: start the selected batch.

O 00 O AW

—_ = = = = e
NN AW = O

Supported File Types

LTStudio supports the following file extensions:

e .1tlb - Library files containing Formats, Signals, and Patterns
* .1ltpy — Python service files for logging, plotting, and control
¢ .1tbh — Batch scripts for automated test sequences

Installation and USB Driver Setup

To connect LT16M to your PC, follow these steps:

Install LTStudio from https://www.LogicTerm.com/download

Install Zadig v2.9 or later from https://zadig.akeo.ie

Connect LT16M via USB-C to a USB 2.0 port

Power on the LT16M (Status LED turns red)

Open Zadig and select “List All Devices”

Choose LT16D (Interface 1) and install 1ibusb-win32, as seen in Figure 3.3.

SANNAEE o e
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K Zadig =] X
Device Options Help

USE 10/100/1000 LAN ~ \ [JEdit

USB 10/100/1000 LAN

LT16D (Interface 0)

Intel(R) Wireless Bluetooth(R)
Integrated IR Camera (Interface 2)
SDM3055

Synaptics UVWP WEDI

Plantronics Voyager Focus UC
Integrated Camera (Interface 0)

9 devices found.

Figure 3.3: Zadig showing two interfaces for LT16M.

7. Turn off the LT16M device, and then, turn it back on.

8. In Device Manager, update LT16D (Interface 0) touse USB Serial Converter A, if
it is different. For a successful setup, the device will appear in the device manager as Figure
34.

9. Launch LTStudio and press “Connect” — the Status LED should turn green

I & Device Manager = [m] X

! File Action View Help

@ B Hm =B EX®
> s Disk drives

| > O Display adapters

> i Firmware

> {# Human Interface Devices

> E= Keyboards

| [~ § libusb-win32 devices

| § LT16D (nterface 1)

> L1 Memory technology devices

> @ Mice and other pointing devices

> [ Monitors

' Network adapters

= Print queues

= Printers

I Processors

B9 security devices

!t Software components

ﬂ Software devices

i Sound, video and game controllers

Gai Storage controllers

¥ System devices

§ Universal Serial Bus controllers
i Intel(R) USB 3.1 eXtensible Host Controller - 1.10 (Microsoft)
i Intel(R) USB 3.1 eXtensible Host Controller - 1.10 (Microsoft)
§ USB Composite Device
i USB Composite Device
§ USB Root Hub (USB 30)
§ USB Root Hub (USB 3.0)

¥ USB Serial Converter A
> USB Connector Managers

C(vvvvvvvvvy

Figure 3.4: LT16M driver configuration in Device Manager
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Connecting the LT16M to a PC

To set up the LT16M, first connect the supplied power adapter, then link the device to your PC
using the included USB-C cable. Confirm that the unit is switched on, start LTStudio, and select
“Connect.” The LT16M status LED displays red when idle and changes to green after LTStudio
establishes a successful connection.

Warning 6 Use only the supplied power adapter. Using other power supplies may damage the
device or impair its performance. "

Jumper Configuration

The LT16M supports three digital I/O voltage levels: 1.8V, 2.5V, and 3.3V. These are selected using
a jumper on the back panel, refer to Figure 2.2.

Warning 7 Always power off the LT16M before changing jumper settings. Changing voltage
levels while the device is powered may cause permanent damage. "

Verifying USB and Driver Installation

After connecting the LT16M:
1. Open Device Manager on your PC, as seen in Figure 3.4.
2. Under 1ibusb-win32 devices, confirm that LT16D (Interface 1) is listed.
3. Under Universal Serial Bus controllers, confirm that USB Serial Converter A
is installed for Interface 0.

Using LTStudio: Running youir first pattern!

After installing the drivers, follow these steps to run your first pattern:
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1.

Al

o

10.

11.
12.

Open LTStudio from the Start Menu or desktop shortcut. Figure 3.2 illustrates the toolbar
buttons available for different functions.

Power on LT16M and connect USB-C cable.

Click the Connect button in the toolbar.

Verity that the LT16M status LED turns green, confirming a successful connection.
Navigate to File — New Project, name the project HelloWorld, and select the desired
directory.

Create a new library via File — New Library, naming it HelloWorld_lib.
GotoUtilities — Templates — Patterns — Hello World Full Example - Pattern,
then copy the template text.

Paste the template text into HelloWorld_lib, save the current project, and note that the new
pattern, formats, and signals now appear in their respective drop-down menus.

Select helloWorldPattern, helloWorldFormats, and HelloWorldSignals, then click
Start Pattern.

Observe that the pattern maps the 16-bit counter to the 16 DIOs, causing the DIO LEDs to
blink at varying rates.

Confirm that the LT16M status LED turns blue, indicating the system is running.

To stop the pattern, either press Stop Pattern or hold the UBTN.

4.5 Using LTStudio: Running your first service!

The simplest way to call a hardware function outside a pattern is to call it from the "Interactive
Shell" in LTStudio. You can type hw.setUSERLED (0xff, O, 0) and hit enter to execute. You
should see the ULED in red. You may change the USERLED section 6.5.1. For creating a custom
service and call it from a pattern, please follow these steps.

1.

e

Make sure you are connected to the LT16M.

2. Create a new service file via File — New Service, naming it HelloWorld_services.
3.
4. Paste the template text into HelloWorld_services, save the current project, and note that

GotoUtilities — Templates — Services — echo, then copy the template text.

the new service now appears under services in project manager.
Hello World Full Example - Service
helloWorldPattern2 helloWorldFormats HelloWorldSignals helloWorldServices

4.6 Using LTStudio: Running your first batch!

You are now ready to explore patterns, signals, and services within LTStudio.
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5.1 Dual-Level Execution

The LT16M system is built around a dual-level programming model that combines deterministic
digital control with flexible high-level scripting:

* Level 1: Pattern Execution on LT16M Patterns are compiled and executed directly on
the LT16M hardware. These patterns define precise digital signal behavior using a custom
instruction set. They are ideal for timing-critical operations and deterministic control.

* Level 2: Python Services on Host PC Python scripts run on the host PC via LTStudio.
These services can extract logged data, visualize results, control execution flow, and automate
batch operations. They provide a high-level interface for analysis and orchestration.

@7 2@ D C Q |pattem customclock - DefoutFormats - Defauitsignas - @ ) [O)] @D eoter: + @ 7 2@ O C Q |pattem customcock - DefoutFormats ~ Defoutsignas - @ £ ) (D) [Botcr: +
TOX st batchitbh | tetFlowitbh | testitoh | simplePPSItoh | scratchih | NPNchartbh / samplelibtly \ || oecteneoe
(CRANGE) ;

8% —
55| 2 ) esiomaoh ) 1t ) smplePPsioh ) sctchtbh ) NPNchackoh ) sampleliol / sptemitoy \

235 cder

return .
(CHANGE) ;
(CHANGE) ;
(CHANGE) ;

(CHANGE) ;
(CHANGE) ;

(CHANGE) ;
(CHANGE) ;

Ready Not connected!

Figure 5.1: Dual-level programming model of LT16M. (Left) writing a pattern for digital signals
and low-level conditioning. (Right) writing a service script for mixed signals interaction and
high-level data manipulation.
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Object Flow Architecture

The LT16M programming workflow is modular and object-oriented. Each test or debug session
typically involves the following components:

* Formats — Define timing and signal structure across cycles

* Signals — Map physical DIO pins to logical pattern outputs

» Patterns — Generate digital waveforms and call services

* Services — Python functions for logging, plotting, and control with specific return

* Batches — Python scripts that automate execution of multiple objects

This architecture allows users to build reusable libraries, automate test sequences, and integrate
digital and analog operations seamlessly.



6.1 Overview

LT16M uses a modular object model to define, execute, and automate digital and analog tests. Each
object type plays a specific role in the signal generation and data logging pipeline.

6.2 Formats

@ LogicTerm Studio -- LT16A_V1 [ C:\Users\User\LTStudio\testFiles\working_proj.itpj ]

File

Help

i HE® @ 9D ¢ Q paem tetooncn - GeneralFormats + | oncformat xor « @ €3 ) (D | Batch: testpatcnton G Ocrrace
Project Manager =ax oy | b x \ ‘
=-4> working_projftpj = = ‘
©-7 Libraries . |
[ exampleBig b 3 OFormats (GeneralFormacs) {
" Senvice files 10
= Batch files 11 # CY o 1 2 3 4 5 € 7 8 ] 10 11 12 13 14 15
" Formats 12 # FORMAT
-2 Signals 13 cycle sel = [zerc , one , ddta , idta , clkl , clk2 , delk, hiz , low , high , szbp , srbn , hlst , llst , héch , h24c I;
Symbols 14 PINO_FRMT = [oLLLL, oHHHH, oDDDD, oVVVV, OLHLH, OLLHH, oDDVV, 1222z, iLLLL, iHHHH, iDDDD, i iL2227, 122ZH, iHHHH
.23 Pattems 15 PINI_FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
i : 1€ PIN2_FRMT = [oLLLL, , oDDDD, oVVVV, OLLHH, oDDVV, 1222z, iLLLL, , 1DDDD, iLzzz,
Service F -
- JenviceTunces 17 PIN3_FRMT = [oLLLL, , oDDDD, oVVVV, oL oDDVV, 1227z, iLLLL, , iDDDD, irzzz,
12 PING_FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
15 PINS_FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
20 PINE_FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
21 PINT_FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
22 PINS FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
23 PINS FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
24 PIN1O_FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
25 PIN11 FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
2¢ PIN12_ FRMT = [oLLLL, , oDDDD, oVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
27 PINI3_FRMT = [oLLLL, , oDDDD, OVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
28 BIN14_FRMT = [oLLLL, , oDDDD, OVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, iLzzz,
25 PIN1S_FRMT = [oLLLL, , oDDDD, OVVVV, oL obDVV, 12222, iLLLL, , 1DDDD, irzzz,
20 )
Console =gx

|czeating table ToFails
{czeating table xvz
Creating table CRC_BC
Creating table INSTRCNTR
|czeating table UszaioRD
Creating table ProgramCode
Creating table IOCounters
|czeating table 10Change
Service files

[Ready

system.ltpy
generalfuns_ltpy

[Created]
[Created]
[Created]
[Created]
[Created]
[Created]
[Created]
[Created]

Figure 6.1: LTStudio Formats

Not connected!

Formats define the timing and structure of digital signals. Each format can contain up to 16
cycle configurations, and each cycle can specify output values, masks, and control flags.
* Up to 16 format definitions per pattern
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» Each format definition has up to 16 cycles
* For a selected cycle, a format defines pin directions and four time ticks

* Ticks are time steps of 10 ns of a specific type. For example, an oHHHH format will drive a
cycle of 40 ns of a high signal while an oLHLH will construct a clock-like waveform.

6.2.1 Output Format Ticks

Direction Tick Drive Example Example Notes

Output H High oHHHH Drives high for four ticks each is 10ns.

Output L Low oLLLL Drives low for 40 ns.

Output D Data oDDDD Drives based on mapped bit in Signals.

Output v inVerted data oVVVV Drives based on the inversion of the mapped bit.
Output K Keep prev. data oKKKK Keep the same data state as previous data.
Output T Toggle prev. data  oTTTT Toggle the data state of previous data.

Output Z high-Zi 072777 Pin is tri-stated.

Table 6.1: List of different types of ticks for output (driving) Formats

Table 6.1 describes the types of output ticks. Figure 6.2 shows the format waveform for driving
using L, H, and Z ticks. Note that the waveform will appear in the following cycle after an instruction

is executed. Figure 6.3 exhibits the waveform for driving using D, V, K, and T ticks.

Internal Clk

Instr. Pointer 0 X 1 X 2 X 3
Instr. Format oHLHL X oHHLZ X oZZHL X XK
mek 0 X1 X233 oX1X2X3XoX1XaXsXoX1X2X3
Format Wm
oive 72727000077 \_ [ \_[ O\ —
Valid Drive / .
pinstate 7000000000\ I\ \__ 0\

Cutput

Figure 6.2: Format waveform for driving using L, H and Z ticks.

Internal Clk

Instr. Pointer 0 X 1 X 2 X 3
Instr. Format oDDDV X oDDDV X oKKTT X X000

Mapped Data 772777777 1 b 0 X 1
Format 7777777777 7777774 D X D X 0 X v XD Xb D XV (KYXK)(TXT
ove T [\

Valid Drive / A\ /
Pinsate 77277777777 \_ [ \_[ @\ P \__

Cutput

Figure 6.3: Format waveform for driving using D, V, X, and T ticks.

pin was an input in the previous cycle..

Hint 6.2.1 — The T and K ticks toggle or keep the previous state of the pin even when the
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6.2.2 Input Format Ticks

Direction Tick Read for Example Example Notes

Input H High iZZHZ Read comparator uses High to compare at 3rd tick.

Input L Low iLZZZ Read comparator uses Low to compare at 1st tick.

Input D Data iDDDD Read comparator uses mapped bit to compare at all ticks.
Input v inVerted data  iVZZZ Read comparator uses inverted mapped bit.

Input M Memory read iMZZZ Read comparator uses data state of last read.

Input Z high-Zi 172777 Pin is tri-stated.

Table 6.2: List of different types of ticks for input (reading) Formats

For input cycles, ticks are used for the read comparator to compare the input data against. Table
6.2 describes the types of input ticks. Figure 6.4 shows the waveform for reading using L, H, D,
and V ticks. The comparator will compare the pin state to the format output. Figure 6.5 shows the
format output for reading using M and Z ticks.

Internal Clk

Instr. Pointer 0 X 1 X 2 X 3
Instr. Format iHHHH X iLLZZ X iDDVV X XK

Mapped Data 7727777277722 1 X 0 X 1
Fomat 7777777777777 A K B X H {H (L XL Xz Xz {po)Xp vV
Pinstate 7727222777770 \__ [ \_[/ -/ [V

Compare to 7227777 12

El Valid Read / Y /

g Compare result //////////////////////////////,‘ 7/////////////,,
FCNTR 0 I 4 6

Figure 6.4: Format waveform for reading using L, H, D, and V ticks.

Internal Clk

Instr. Pointer 0 X 1 X 2 X 3
Instr. Format iZZMZ X IMMMM X 12277 X 00K
Mapped Data 727772222/ 1 X 0 X 1
Fomat 7777727777774 Z K Z K m {z {m {m)YmXmz)z ) z)z
Pin State / \_/ ’////////////////////////////
Compare to / -

Valid Read W / \ / \
Gompare result 227772 /\ [

FCNTR 0 X 1 X 2

Cutput

Figure 6.5: Format waveform for reading using M and Z ticks.

6.2.3 Formats Syntax

Please refer to section 12.2 for full syntax.
The first line in the format definition object is for the cycle naming header. The following code,
in listing 6.1, defines the Formats object named exampleFormat. It has two formats with two
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cycles.
Formats(exampleFormat){
# CYCLE 0 1
# FORMAT
cycle_sel = [ led_on, led_off]; # Header
LED_FRMT = [ oHHHH, oLLLL ]; # All outputs format
BTN_FRMT = [ iHHHH , iLLLL 1; # All inputs format
}
Formats(exampleFormat2) {
cycle_sel = [low, data, inv ];
READ_FRMT = [iZZLZ, iZZZD, iZZZV]; Inputs. Z is tri-state.

#
# D and V rely on the pin selected data.
WRITE_FRMT = [oLLLL, oDDDD, oVVVV]; # Ouputs. if data is 0, D is 0 & V is 1.
# if data is 1, D is 1 & V is O.
}

Listing 6.1: Example Formats

If pins use LED_FRMT, they will drive high when the cycle is 1ed_on and low when the cycle
is led_off. On the other hand, pins that use the format BTN_FRMT expect high on read when the
selected cycle is 1ed_on, and expect low when the cycle is 1led_off.

1) Valid LT16M variable names:
A variable name must start with a letter or the underscore character
¢ A variable name cannot start with a number
¢ A variable name can only contain alpha-numeric characters and underscores (A—z,
0—9,and _)
 Variable names are case-sensitive (age, Age and AGE are three different variables)
¢ A variable name cannot be any of the Python keywords.

Warning 8 Number of defined cycle_sel must match the number of defined formats in each
of the format selections, as shown in listing 6.2, u

Formats(badExampleFormat) {

# CYCLE 0 1 3

# FORMAT

cycle_sel = [ led_on, led_off, extral; # Header

LED_FRMT = [ oHHHH, oLLLL, 0ZZZZ]; # defined for 3 cycles

BTN_FRMT = [ iHHHH , iLLLL 1; # defined for 2 cycles!
}

Listing 6.2: Syntax error!
Signals

Signal objects map logical outputs from a pattern to physical DIO pins on the LT16M.
* Define pin-to-bit mapping
* Support labeling and grouping
* Used in conjunction with formats to drive hardware

Signals Syntax
Please refer to section 12.3 for full syntax.

The LT16M features 16 digital I/O pins operable at 100Mbps. The signal object allows for
unique labeling, mapping to physical pin and data sources, and formatting. These labels are
commonly employed in VCD files. Rather than using generic signal names like pin[0], pin[1],
pin[2], and pin[3], more descriptive names such as CS_N, SCLK, MOSI, and MISO can be applied.
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@ LogicTerm Studi 6A V1 [ C\Users\Usen\LTStudio\testFiles\working_proj.Itp =

File Help

H H @ % e ) @ Q| Pettem: testbranch v GeneralFormats v OneFormat Xor v (G u u uj Batch: testBatch.itoh Ej[\(m&

Project Manager =ex|[ g e Y
= ": werking_projtpj 135 ©Signals (GeneralSignals) {
-7 Libraries an
[) examplegig.tto 141 a = , map=x[0], format=PINO_FRMT );
(-7 Senvice files 152 ES , map=x[1l, at=PINI_FRMT );
Batch files 143 c1 = » map=x[2], PIN2_FRMT );
-7 Formats 144 = ,  map=x[3] PIN3_FRMT ):
Signals 115 E1 = , map=x[4] PIN4_FRMT ):
-7 Symbols 156 F1 = , map=x[5] at=PINS_FRMT );:
l Patterns 197 51 map=x(€] T ):
g 118 HL map=x[71, T )
| @7 senviceFunes ae
150 a2 = t=PINS_FRMT );
151 B2 = t=PINS_FRMT );
152 c2 = t=PIN10_FRMT );
153 D2 = t=PIN1l_FRMT );
154 E2 t=PIN12_FRMT );
155 F2 t=PIN13_FRMT );
15€ G2 t=PIN14_FRMT );
| 157 H2 t=PIN15_FRMT );
158 3
159
1€0 ©Signals (GeneralSignals8inout) {
161
le2 a1 , map=x[0], format=PINO_FRMT );

Console =8x

table IOFails

table IOChange
files

Ready Not connected!

Figure 6.6: LTStudio Signals

The data source for a pin can be fixed values (0 or 1), one bit of the output registers (x[0], x[1]...
x[15] or y[0], y[1]... y[15] or Z[0], z[1]... =z[15])

Hint 6.3.1 Signals, dio, pin, map, and format are reserved keywords.

For format1 and sigl signals in Listing 6.3, three signals—SCLK, BTN, and BTN_N—are defined.
SCLK is assigned to DIO[0], always sourcing data from 0. Under CLK_FRMT, SCLK operates at
25MHz, cycling high for 2 ticks, then low for 2 ticks. BTN is associated with DI0O[1], with data
constantly sourced from 0. BTN_FRMT dictates that BTN should be low on £stCy and high on scdCy.
Conversely, BTN_N, sourcing data from 1, expects the opposite state to BTN.

Formats(format1) {
# CYCLE 0 1
# FORMAT
cycle_sel = [ fstCy, scdCyl; # Header
BTN_FRMT [ iDDDD, iVVVV ]; # All inputs format
CLK_FRMT [ oHHLL , oHHLL 1; # Clock

}

Signals(sigl){
SCLK = dio(pin=0, map=0, format=CLK_FRMT);
BTN = dio(pin=1, map=0, format=BTN_FRMT);
BTN_N= dio(pin=2, map=1, format=BTN_FRMT) ;

Listing 6.3: Example Signals 1

For the spi_frmt formats and spi_sigs signals illustrated in Listing 6.4, the illustration
presents a possible setup for an SPI application. The CS_ is assigned to DI0O[0] with a constant
0 as the data source using the CS_ format. CS_ format is consistently configured to H, L, or Z,
none of which utilize the data source. Thus, altering the CS_ data source to 1 remains without
impact. Similarly, SCLK, MISO, and RST_N follow the same configuration as CS_. Conversely, MOSI
is connected to x[7], mapping it to the seventh bit of a loaded byte, which enables MSB loading
upon left-shifting the data.

Formats(spi_frmt){

# CYCLE 0 1 2 3 4
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4 # FORMAT

5 cycle_sel = [idle , start , clkh , clkl, rstl;
6 cs_ = [oHHHH, oLLLL, oLLLL, oLLLL, o0ZZZZ];
7 SCLK = [oLLLL, oLLLL, oHHHH, oLLLL, o0ZZZZ];
3 MOSI = [oLLLL, oDDDD, oDDDD, oDDDD, oZZZZ];
9 MISO = [iHHHH, iHHHH, iHHHH, iHHHH, iHHHH];
10 RST_N - [oHHHH, oHHHH, oHHHH, oHHHH, oLLLL];
1 }

12

13 Signals(spi_sigs){

14 # To be used with GeneralFormats

15 CS_ = dio(pin=0, map=0, format=CS_ )
16 SCLK = dio(pin=1, map=0, format=SCLK );
17 MOSI = dio(pin=2, map=x[7], format=MOSI );
18 MISO = dio(pin=3, map=0, format=MISO0 );
19 RST_N = dio(pin=4, map=0, format=RST_N );
20

Listing 6.4: Example Signals 2

Hint 6.3.2 Selected format in a Signals object must be one of the formats definitions in the
current Formats.

6.4 Patterns

M LogicTerm Studio -- LT16A V1 [ C\Users\User\LTStudiotestFiles\working_proj tp 1 - o x
File Help

H H @ 4+ ® 9 C Q Pattem testbanch v GeneralFormats + OneFormatxor v (@ §Q () ()  Betch testBatchiton - @Gcmcs

Project M: =B8x i
m,eA anager =] - tpy Itib
2 worki iy
E wova:g,pmJ P — 8]
177 Libraries 206
[] exampleBig.Itlb 207 SPattern (nested loops){
(-7 Service files 208 # =

Batch files 208
Formats 210
Signals 211
Symbols e
Patterns. 213

214
| Service Funcs e

216
217
218
219
220 '}
221
222
223 &
224
225
22¢
227
228

Console =8x
|czeating vabie IoFails (Created]

|czeating table xvz

Creating table CRC_EC

Creating table INSTRCNTR
|Creating table USERWORD

Creating table ProgramCode

Creating table IOCounters [Created]
|Creating table IOChange [Created]

Service files
system.ltpy
generalFuns.ltpy

|Ready Not connected!

Figure 6.7: LTStudio Pattern

The Pattern object defines a programmable sequence of instructions executed by the LT16M’s
digital core. Each instruction contain micro-instructions that define signal behavior, branching,
logging, and service calls. Instructions span 4 ticks (40 ns total) and can control digital I/Os,
perform arithmetic, manage memory, and invoke host services.

* 16 General-Purpose Registers (GPRs)

¢ 2 Timers (24-bit)

* 1K user memory

* 4K logging buffer

* 3 output registers: x, y, z
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Pattern Syntax

Pattern Object:

pattern
compilerInstruction

Instruction

validName
rx

imm_16
Label

Q@auto cycle_ulnstr<,ulnstr>;
@param <parameterName>=<ParameterValue>, ...;

Pattern(<patternName>){[compilerInstruction] [Instruction]...}
Qusing <symbolName>;

[(Label)cycle_ulnstr[<,ALU1_ulnstr><,ALU2_ulnstr><,XYZ_ulnstr>

<,iomask_ulnstr><,cntrl_ulnstr><,log_ulnstr>

<,do_uInstr><,branch_ulnstr>];
[a-zA-Z_] [a-zA-Z0-9_]*
r0, rl ...
16-bit integer number
<validName>:

rib

6.4.2 Micro-Instructions

Please refer to section 12.4 for full syntax.

Each instruction begins with a cycle assignment. The rest are optional and unordered. Table 6.3
list all micro-instructions.

Micro-instruction Optional Description Example
Cycle Assignment  No Select cycle from predefined formats cycle=rst
ALU1 Yes Execute arithmetic/logical operations ril=r2|r3
ALU2 Yes Execute arithmetic/logical operations r2=rb*r10
X Assignment Yes Assign x to one GPR x=rl

Y Assignment Yes Assign x to one GPR y=r0

Z Assignment Yes Assign x to one GPR z=r15
Control Yes Timer, Flag, Counter controls clr (TO)
10 Strobe Yes 10 mask configuration for reading iomask=0xffff
Data log Yes Log ADC, FAIL, INFQ, etc. log(FAIL)
Data Output Yes Configure Drive-Only pins do=0xf
Branch Yes Execute branch operations jmp

Cycle Assignment

ALU Operations

Table 6.3: Micro-instruction for pattern object

Please refer to subsection 12.4.2 for full syntax.

ALU operations (register with register)
The supported ALU operations, where both operands are GPRs, are listed in table 6.4.

ALU operations (register with immediate)
The supported ALU operations, where the second operand is immediate, are listed in table 6.5.

Cycle assignment for assigning the current instruction to one of the cycles defined in Signals object.

ALU assignments for performing up to two arithmetic and logical operations. Operations done by
ALUI1 are executed in parallel to those done by ALU2. Load/Store operations are also done by
ALUI1/ALU2. The compiler assigns the first ALU operation in an instruction to ALU1 before it
assigns to ALU2.
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ALU Op. Description Result (r3)
r3=r0+ri Addition 8
r3=r1-r0 Subtraction 6
r3=r0|rl Logical OR 7
r3=r0&ri Logical AND 1
r3=r0°ri Logical XOR 6

r3=r1>r0 Set if greater than: r1>r070xffff:0 Oxffff
r3=r1<r0 Set if less than: r1<r070xffff:0 0

r3=r2%r2 Lower 16-bit of Multiplication 0x0001
r3=r2*xr2  Higher 16-bit of Multiplication Oxfffe
r3=ri1>>>r1 Rotate right 0x8003
r3=r1<<<r0 Rotate left 0x000e

Table 6.4: ALU operations: Register with register assuming r0=1, r1=7, r2=0xffff

ALU Op. Description Result (r3)
r3=r0+7 Addition 8

r3=ri-1 Subtraction 6

r3=r0|7 Logical OR 7

r3=r0&7 Logical AND 1

r3=r0"7 Logical XOR 6
r3=ri>>1 Shift right 3
r3=ri<<i Shift left 0x000e

r3=r2x0xffff  Lower 16-bit of Multiplication 0x0001
r3=r2*x0xffff Higher 16-bit of Multiplication Oxfffe
r3=r1>>>7 Rotate right 0x8003
r3=ri<<<1 Rotate left 0x000e

Table 6.5: ALU operations: Register with immediate assuming rO=1, r1=7, r2=0xffff

Register Assignment

Register assignment can be to an immediate, GPR, mathematical expression or io. An assign-
ment’s right-hand side may consist of a mathematical expression, evaluated using Python syntax.
Supported operations include {+, -, *, //, |, &, =, >>, <<}. The expression’s result is
always truncated to an integer and limited to 16 bits. Using io, users can read the current DIO
states.

1 Pattern(myPat){

2 cycle=idle, r1=0; # r1=0x0000

3 cycle=idle, ri1=0xffff, r2=0b0000_1111_0000_1111; # r1=0xffff r2=0x0f0f

4 cycle=idle, rl=r2, r2=ri; # r1=0x0f0f r2=0xffff (swap!)
5 cycle=idle, r1=100/2, 1r2=((100+1)/2); # r1=50 r2=50

6 cycle=idle, ri=-1, r2=65536; # r1=0xffff r2=0

7 cycle=idle, r3=io; # r3 = the state of the DIOs
8

Listing 6.5: Register assignment

Auxiliary register assignment

1 Pattern(myPat){
2 cycle=idle, SEED=0x8765_4321; # 32-bit assignment
cycle=idle, FLIMIT=10; # 24-bit assignment

W
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cycle=idle, TO=0xffffff;
cycle=idle, T1=0xffffff-10;

# 24-bit assignment
# 24-bit assignment

Listing 6.6: Auxiliary register assignment

Hint 6.4.1 Auxiliary register assignment consume both ALUs, ALU1 and ALU2. In other words,
Instructions with auxiliary register assignment cannot have any other ALU micro-instructions.

Random assignment (Using CRC-CCITT (XModem) as Linear-feedback shift register)

The lower 16-bit of SEED will be used for the ALU1 LFSR and the higher ones for ALU2 LFSR.
CRC-CCITT (XModem) is used.

Pattern(myPat){

e}
[0}
Hh

cycle=idle, SEED=0x8765_4321;
cycle=idle, r0=0, ri=1;
cycle=idle, rO=rand(r0), ri=rand(ril);

Listing 6.7: Linear-feedback shift register

rand (reg_val, SEED=0x0000):
""" Compute CRC-CCITT (XModem) for a 16-bit integer with a custom seed.
Polynomial: 0x1021

crc = SEED

for shift in (8, 0): # Process high byte first, then low byte
crc ~= ((reg_val >> shift) & OxFF) << 8
for _ in range(8):

crc = ((crc << 1) -~ 0x1021) if (crc & 0x8000) else (crc << 1)
crc &= OxFFFF
return crc

Listing 6.8: Linear-feedback shift register python function

rand with default (SEED=0x0000): rand(0)=0000, rand(1)=1021, rand(2)=2042, rand(3)=3063,
rand with SEED=0x0001: rand(0)=1021, rand(1)=0000, rand(2)=3063, rand(3)=2042,
rand with SEED=0x1234: rand(0)=13c6, rand(1)=03e7, rand(2)=3384, rand(3)=23a5,
rand with SEED=0xffff: rand(0)=1d0f, rand(1)=0d2e, rand(2)=3d4d, rand(3)=2d6c,

Memory Access
The ATPG system includes a user memory accessible for both reading and writing by the services
and ATPG itself. This memory holds 1024 entries, each being 16 bits in size. Entries can be
accessed by either the pattern generator or the host PC through a service or batch process, but only
one memory access is allowed per instruction. This feature facilitates data exchange between the
pattern generator and services; for instance, the DAC can retrieve a sine wave dataset preloaded by
a service from this memory.

Pattern(myPat){

cycle=idle, r0=0, r1=10;
cycle=idle, r2=5, r3=2; # r0=0, r1=10, r2=5, r3=2
#MEM: O:xxxX 1:xxxX 2:XXXX 3:XXXX

cycle=idle, mem[2]=r1;
cycle=idle, mem[r0]=r2;

# Writes 10 to memory location 2
#
cycle=idle, rO=mem[r3]; # Reads memory location 2 into r0
#
#
#

Writes 5 to memory location O

cycle=idle, ri=mem[O0]; Reads memory location 0 into ril
r0=10, r1=5, r2=5, r3=2
MEM: 0:5 1:xxxx 2:10 3:xXXXX

Listing 6.9: Memory assignmnet
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DAC Control

The system includes two single-ended Digital-to-Analog Converters (DACs) that operate within a 0
to 10V range and support a rate of 1 MS/s, with a current capacity of less than 50mA. The assigned
values for the DACs are in millivolts, setting the assignment range between 0 and 10,000. Unlike
DACO, DACI features current monitoring and offers a 16-bit resolution. The DAC assignments

should be spaced at least 15 cycles.

Pattern(myPat){
cycle=idle, r0=0, r1=1000;
cycle=idle, r2=5000, r3=10_000;
cycle=idle, dacO=r0;
cycle=idle, repeat (15);
cycle=idle, dacO=ri;
cycle=idle, repeat (15);
cycle=idle, dacO=r2;
cycle=idle, repeat (15);
cycle=idle, dacO=r3;
cycle=idle, dacl=r0;
cycle=idle, repeat (15);
cycle=idle, dacl=ri;
cycle=idle, repeat (15);
cycle=idle, dacl=r2;
cycle=idle, repeat(15);
cycle=idle, dacO=r0, dacl=r0;

Output Assignment

Each instruction generates three outputs: x, y, and z. These outputs can be directed to any of the
general-purpose registers (r0, ri, ..., r15). The designated registers serve as data sources for pin
assignments specified within Signals objects, as detailed in ??. Assignment is not sticky and it is

Listing 6.10:

H HEH HEHHEHHHEHHEHHEH

DACO= 0.000V,
DAC delay
DACO= 1.000V,
DAC delay
DACO= 5.000V,
DAC delay
DAC0O=10.000V,
DAC0O=10.000V,
DAC delay
DAC0O=10.000V,
DAC delay
DAC0O=10.000V,
DAC delay
DACO= 0.000V,

DAC1=0LD_VAL

DAC1=0LD_VAL

DAC1=0LD_VAL

DAC1=0LD_VAL

DAC1= 0.000V
DAC1= 1.000V
DAC1= 5.000V
DAC1= 0.000V

DAC assignment

defaulted to rO when it is not assigned in an instruction.

Patt

ern(myPat) {

cycle=idle,
cycle=idle,
cycle=idle,
cycle=idle;
cycle=idle,
cycle=idle,
cycle=idle,

Control Flags

Control assignment for clearing timers, persistent fail flag and/or fail counter. There can be more
than one clear micro-instruction.

r0=0x0000, r1=0x1111;
r2=0x2222, r3=0x3333;
x=r0, y=rl, z=r2;
x=rl, y=rl, z=ril;
X=r2, y=r2;

x=r3, r3=0xffff;

H OHE H HHEHEHH

X Y
0x0000 0x0000
0x0000 0x0000
0x0000 Ox1111
0x0000 0x0000
0x1111 Ox1111
0x2222 0x2222
Oxffff 0x0000

Z
0x0000
0x0000
0x2222
0x0000
0x1111
0x0000
0x0000

Listing 6.11: X/Y/Z Output Assignments

clr (TO) sets timer 0 (TO) to O
clr(T1) sets timer 1 (T1)to 0

clr (PF) clears the persistent fail flag

clr (FCNTR) clears the io fail counters

Patt

ern(myPat) {

cycle=idle,
cycle=idle,
cycle=idle,

TO=10;
T1=20;
clr(T1);

#

# TO T1
# 10 0
# 9 20
# 8 0

FCNTR

(o]
0
0
0

[1]
0
0
0

o O O
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cycle=idle, clr(TO); #
cycle=low, iomask=0x3; #
cycle=low, iomask=0x3; #
cycle=low, iomask=0x3; #
cycle=low, clr (FCNTR); #
cycle=low, clr(PF); #
cycle=low, TO0=9, iomask=0x1; #
cycle=low, T1=5, iomask=0x2; #
cycle=1low; #
cycle=low, clr(TO0), clr(T1), clr(PF), clr(FCNTR); #

O N0 ©WOoOOoOOoO O oo
O P U1 OO OO OO O
O, P P, OO WNREO
O, P OOOWNHO
OrRr PR KPR ORRKRERRELO

Listing 6.12: Control Micro-instruction

10 Mask

10 mask provides the mask for IOs that are being read in the current cycle. IO strobe is enabled
by the selected format. Logging the mismatched IO to the database is controlled by the log
micro-instruction.

I Warning 9 iomask will be disabled for pins with an output cycle. u
Formats(myFrmt) {
# CYCLE 0 1 2 3 4
# FORMAT
cycle_sel = [zero , one , hiz , low , high 1;
PINO_FRMT = [oLLLL, oHHHH,  i22zzZ, iLLLL, iHHHH ];

}
Pattern(myPat){
# Assuming that DIO[0] is tied to GND
# Assuming that DIO[1] is tied to VCC
# FAIL[O] FAIL[1] FCNTR [0] FCNTR[1]
cycle=1low; # 0 0 0 0

cycle=low, iomask=0b00; # 0 0 0 0

cycle=low, iomask=0b01; # 0 0 0 0

cycle=low, iomask=0b10; # 0 1 0 1

cycle=low, iomask=0bll; # 0 1 0 2

cycle=high, iomask=0b00; # 0 0 0 2

cycle=high, iomask=0b01; # 1 0 1 2

cycle=high, iomask=0b10; # 0 0 1 2

cycle=high, iomask=0bl1l; # 1 0 2 2

cycle=zero, iomask=0bl1l; # 0 0 2 2 # cycle is output!
cycle=one, iomask=0b1l1; # 0 0 2 2 # no read

Listing 6.13: 10 Mask Assignment

Logging
This micro-instruction enables the logging of different types of data to the database. Data can be
 read mis-match (aka fail) — FAIL
* instruction information — INFO
* 1Os fail counters (Lower/Upper) — FCNTRL/FCNTRH
* 1O changes —- CHANGE
* ADC reads — ADC
Logging is only allowed for one type of data (FAIL|CHANGE|INFO|FCNTRL|FCNTRH|ADC).

Warning 10 The pattern generator has a buffer of 4K entries. The size of FATIL/CHANGE packets
is 1; meaning you can log 4K packets at highest speed. The size of INFO/ADC packets is 2;
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meaning you can log 2K packets at highest speed. The size of FCNTRL/FCNTRH packets is 4;
meaning you can log 1K packets at highest speed. U

FAIL
Each instruction can record read mismatches, termed as FAIL. A FAIL packet is generated when
any enabled IOs, as determined by the iomask, experiences a mismatch. This packet is recorded in
the IOFails table which contains the following fields:

* X: X Output register (16-bit)

* Y: Y Output register (16-bit)

» Z: Lower byte of Z Output register (8-bit)

* Tick: Tick bit mask indicating the fail occurrence (4-bit)
10: 10 bit mask for failed 10s (16-bit)

Formats(myFrmt) {
# CYCLE 0 1 2 S 4
# FORMAT
cycle_sel = [zero , one , hiz , low , high , chng ];
PINO_FRMT = [oLLLL, oHHHH, i7777Z, ilLLLL, iHHHH, iZMZZ];
}
Pattern(myPat){
# Assuming that DIO[0] is tied to GND
# Assuming that DIO[1] is tied to VCC
# FAIL[O] FAILI[1]
cycle=low, 1r0=0, log (FAIL); # 0 0
cycle=low, 1r0O+=1, iomask=0b00, log(FAIL); # 0 0
cycle=low, rO+=1, iomask=0b01, log(FAIL); # 0 0
cycle=low, rO+=1, iomask=0b10, log(FAIL); # 0 1 <- A fail is logged
cycle=1low, rO0+=1, iomask=0bl1l, log(FAIL); # 0 1 <- A fail is logged
cycle=high, rO+=1, iomask=0b00, log(FAIL); # 0 0
cycle=high, rO+=1, iomask=0b01, log(FAIL); # 1 0 <- A fail is logged
cycle=high, rO+=1, iomask=0b10, log(FAIL); # 0 0
cycle=high, rO+=1, iomask=0bl1l, log(FAIL); # 1 0 <- A fail is logged
# OUTPUT
#TABLE[IOFails] (count=0):
2 oo ooooooooooooooCcCcCcooooCoooooooooooooooooo oo C oo oo oo oSS oo o o
# id | X | Y Z | Tick | I0
(. CocCcoocooocoCcooCooc———coCooCoCooCoOC—Cc—oocoo—coCooCoCcooocoooCc—ococoooooe oo o
#
#
#
Listing 6.14: Log Enable — FAIL
CHANGE

Each instruction is capable of recording a read change, referred to as CHANGE. A CHANGE packet is
generated whenever any enabled 1Os, identified by the iomask, undergo a change since the last
read. Initially, the system sets the last read to O at the beginning of a pattern.

This packet is documented in the IOChange table, which includes the following fields:

* InstrCntr: A 44-bit instruction counter that begins at O at the pattern’s start.

* 1O: A 16-bit IO bit mask for changed 10s

I Warning 11 A memory read (M) tick must occur for CHANGE packets to be logged successfully.

Formats(myFrmt) {

# CYCLE 0 1 2 8 4
# FORMAT
cycle_sel = [zero , one , hiz , low , high , chng J;
PINO_FRMT = [oLLLL, oHHHH, iZZZZ, ilLLLL, iHHHH, iZMZZ];

}
Pattern(myPat){
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# Assuming that DIO[0] is tied to GND
# Assuming that DIO[1] is tied to VCC
# FAIL[0] FAIL[1]

cycle=chng
cycle=chng
cycle=chng
cycle=chng
cycle=chng
cycle=chng
cycle=chng
cycle=chng
cycle=chng

# OUTPUT
% TABLE[IOChange] (count=1):

%
h
%
YA

>

3

>

3

>

>

3

>

3

r0=0,

ro+=1,
ro+=1,
ro+=1,
ro+=1,
ro+=1,
r0+=1,
ro+=1,
ro+=1,

log (CHANGE); #
iomask=0b00, log(CHANGE) ;
iomask=0b01, log(CHANGE);
iomask=0b10, log(CHANGE) ;
iomask=0b11l, log(CHANGE);
iomask=0b00, log(CHANGE) ;
iomask=0b01, log(CHANGE);
iomask=0b10, log(CHANGE);
iomask=0b11l, log(CHANGE);

H H H K EH B H

INFO
Each instruction is capable of recording some of the instruction data, referred to as INFO. An INFQ

packet is generated whenever it is enabled in the instruction.

0

» O OOOOOo

Listing 6.15: Log Enable - CHANGE

0

< -
< -

OO OO OO

fail
fail

fail

fail

is logged
is logged

is logged

is logged

This packet is documented in the INFO table, which includes the following fields:
e X: X Output register (16-bit)

Y: Y Output register (16-bit)

Z: Z Output register (16-bit)

curPC: current program counter (10-bit)
nextPC: next program counter (10-bit)
InstrCntr: A 44-bit instruction counter that begins at O at the pattern’s start.

I Warning 12 Do not call 1og(INFQ) for more than 2K instructions before calling a service. =

Formats(myFrmt) {

}

# CYCLE

# FORMAT

cycle_sel
PINO_FRMT

Pattern(myPat){

# Assuming
# Assuming

cycle=1low,
cycle=low,
cycle=1low,
cycle=low,
cycle=1low,
cycle=high
cycle=high
cycle=high
cycle=high

# OUTPUT
TABLE[Info] (count=0):

3

>

3

3

0

[zero ,
[oLLLL,

r0=0,

ro+=1,
ro+=1,
ro+=1,
ro+=1,
ro+=1,
ro+=1,
ro+=1,
ro+=1,

1 2 3 4
one , hiz , low , high ,
oHHHH , iZZ7ZZ, iLLLL, iHHHH,

that DIO[0] is tied to GND
that DIO[1] is tied to VCC

chng 1;
iZMZZ];

# FAIL[O] FAIL[1]

log (INFO) ;
iomask=0b00, log(INFO);
iomask=0b01, log(INFO);
iomask=0b10, log(INFO0);
iomask=0b11l, log(INFO);
iomask=0b00, log(INFO);
iomask=0b01, log(INFO);
iomask=0b10, log(INFO);
iomask=0bl1, log(INFO0);

H*

H H O H OHE H HH

0

H O, OOOOOo

0

O O OO EKr OO

<- A
<- A
<- A
<- A
nextPC

fail
fail

fail

fail

is
is

is

is

logged
logged

logged

logged

Listing 6.16: Log Enable — INFO
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FCNTRL/FCNTRH

Each instruction is capable of reporting the fail counter per each of the 10s, referred to as
FCNTRL/FCNTRH. FCNTRL packet reports the fail counters for IO[0] to IO[7], while FCNTRH packet
reports the fail counters for IO[8] to IO[15].

This packet is documented in the IOCounters table, which includes the following fields:

¢ 10: The IO number (4-bit)
¢ Counter: fail counter — number of mismatches (24-bit)

Warning 13 Do not call 1og(FCNTRL) or 1og(FCNTRH) for more than 1K instructions before
calling a service. L

Formats(myFrmt) {
# CYCLE 0 1 2 3 4
# FORMAT
cycle_sel = [zero , one , hiz , low , high , chng 1;
PINO_FRMT = [oLLLL, oHHHH, iZZZ7Z, iLLLL, iHHHH, iZMZZ];
}
Pattern(myPat){
# Assuming that DIO[O] is tied to GND
# Assuming that DIO[1] is tied to VCC
# FAIL[O0] FAIL[1]
cycle=low, r0=0, 3 # 0 0
cycle=1low, rO0+=1, iomask=0b00; # 0 0
cycle=1low, r0+=1, iomask=0b01; # 0 0
cycle=1low, rO0+=1, iomask=0b10; # 0 1 <- A fail is logged
cycle=low, 1rO+=1, iomask=0bll; # 0 1 <- A fail is logged
cycle=high, r0O+=1, iomask=0b00; # 0 0
cycle=high, rO+=1, iomask=0b01; # 1 0 <- A fail is 1logged
cycle=high, r0O+=1, iomask=0b10; # 0 0
cycle=high, rO+=1, iomask=0bl1l, log(FCNTRL); # 1 0 <- A fail is logged
cycle=high, rO+=1, iomask=0bl1l, log(FCNTRH); # 1 0 <- A fail is logged
# OUTPUT
TABLE[IOCounters] (count=8):

id | I0 | Counter

4 | 0 | 1
5 | 1 | 0
6 | 2 | 0
7 | 3 | 0
8 | 4 | 0
9 | 5 | 0
10 | 6 | 0
11 | 7 | 0

Listing 6.17: Log Enable — FCNTRL/FCNTRH

ADC

Each instruction is capable of reporting the ADC readings, referred to as ADC. ADC packet includes
four ADC readings, ADCO voltage, ADCI1 voltage, DAC1 current and PPS current or voltage.

This packet is documented in the AnalogData table, which includes the following fields:

» Type: adc0, adcl, dac1mi, ppsmi, ppsmv

* Value: float number for current or voltage

* Unit: Value unit — V or mA

* curPC: current program counter (10-bit)

* InstrCntr: A 44-bit instruction counter that begins at O at the pattern’s start.
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I Warning 14 Do not call 1og (ADC) for more than 2K instructions before calling a service. =

Formats(myFrmt) {

00NN AW~
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# CYCLE 0 1 2 3 4
# FORMAT
cycle_sel = [zero , omne , hiz , low , high , chng ];
PINO_FRMT = [oLLLL, oHHHH, iZ722Z, iLLLL, iHHHH, iZMZZ];
}
Pattern(myPat){
# Assuming that DIO[O] is tied to GND
# Assuming that DIO[1] is tied to VCC

# FAIL[O] FAIL[1]

cycle=1low, r0=0, 3 # 0 0
cycle=low, 1r0+=1, log(ADC); # 0 0
cycle=low, 1rO+=1, log(ADC); # 0 0
cycle=low, rO+=1, log(ADC); # 0 1 <- A fail is logged
cycle=low, 1rO+=1, log(ADC); # 0 1 <- A fail is logged
cycle=high, r0+=1, log(ADC); # 0 0
cycle=high, rO+=1, log(ADC); # 1 0 <- A fail is logged
cycle=high, rO+=1, log(ADC); # 0 0
cycle=high, rO+=1, log(ADC); # 1 0 <- A fail is logged
cycle=high, rO+=1, log(ADC); # 1 0 <- A fail is logged
# OUTPUT
#TABLE [AnalogDatal] (count=0):
7
# id | Type | Value | Unit |  curPC | InstrCntr
B o o o m o o o e
# 165 adcl 12.6 ' 12 120342
# 167 adcO 12e-3 ' 12 212423
# 186 daclmi 0.3 mA 12 212515
# 187 ppsmi 1.232 mA 12 212513
# 189 ppsmv 5.0 v 12 212514
#

Listing 6.18: Log Enable — ADC

Drive-Only Assignment

This micro-instruction sets the four drive-only pins to a certain value. The value of these pins are
set in the current cycle.

Data Drive-Only Micro-Instruction:

imm_4b 1=
do_ulnstr

4 bit integer
do=imm_4b

# Connect DIO[3:0] to DO[3:0]
Formats(do_frmt){

0NN AW =
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# FORMAT

cycle_sel = [ low 1;
PINO_FRMT = [ iZZLZ 1;

}

Pattern(test_do){

# (last) (first)

cycle=low, r0=0; # Tick: & 2 1 0
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=1; # do=xxxx xxxXx xxxx 0000
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=2; # do=XXXX XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=3; # do=xXXXX XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1; # do=0000 XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=4; # do=xxxx 0000 0000 0000
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=5; # do=XxXXX XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=6; # do=xXXX XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=7; # do=XXXX XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=8; # do=XXXX XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=9; # do=xXXX XXXX XXXX XXXX
cycle=low, iomask=0xf, log(FAIL), rO+=1, do=10; # do=XXXX XXXX XXXX XXXX
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22 cycle=low, iomask=0xf, log(FAIL), rO+=1, do=11; # do=XXXX XXXX XXXX XXXX
23 cycle=low, iomask=0xf, log(FAIL), rO+=1, do=12; # do=xXXX XXXX XXXX XXXX
24 cycle=low, iomask=0xf, log(FAIL), rO+=1, do=13; # do=XXXX XXXX XXXX XXXX
25 cycle=low, iomask=0xf, log(FAIL), rO+=1, do=14; # do=XXXX XXXX XXXX XXXX
26 cycle=low, iomask=0xf, log(FAIL), rO+=1, do=15; # do=XXXX XXXX XXXX XXXX
27 cycle=low, service(pattern_stop (hw));
28 }
29
30
Listing 6.19: Data Drive-Only Assignments
Branching

This micro-instruction is responsible for the flow control of the pattern execution. Branches can be
jumps, repeats, loops, subroutine calls and service calls. An instruction can have no more than one
branch.

Please refer to subsection 12.4.8 for full syntax.

Jump

Jumps are categorized into two types. Unconditional jumps directly alter the program counter to a
designated label without conditions. Conversely, conditional jumps depend on certain flag states to
determine execution. The flags available include fail (F), persistent fail (PF), fail limit exceeded
(FLE), timers (TO, T1), user flag (UF), and zero flag (Z1).

Flag Variation Description
F F NF Fail flag for last read
PF PF NPF Persistent fail: was there any fail?
FLE FLE NFLE Fail limit exceeded: Fail counter for any IO is greater that FLIMIT
TO TO NTO Timer O is expired
T1 T1 NT1 Timer 1 is expired
UF UF NUF User flag: a flag representing the UBTN (1 when pressed).
Z1 Z1 NZ1 Zero flag from ALUI; Note: No zero flag for ALU2.
Table 6.6: Flags used for conditional branching.
1 Pattern(test_branch){
2 # to be used with GeneralFormats GeneralSignals
3 Qauto cycle=ddta, x=r0, y=r0, z=r0;
4 LABEL_O : cycle=11st, r0=0xf, jmp(0, FAIL_SUB); # same as jmp(FAIL_SUB)
5 cycle=1l1st, T0=10, clr(TO);
6 LABEL_1 : cycle=11st, r0=1, jmp(1l, LABEL_3);
7 LABEL_2 : cycle=11st, r0=2; # Never gonna be reached!
8 LABEL_3 : cycle=11st, rO+=1, jmp(NTO, LABEL_3);
9 cycle=11st, service(echo(hw,"Time is domne!"));
10 LABEL_4 : cycle=11st, r0=4, jmp(1l, LABEL_5);
11 LABEL_5 : «cycle=1l1st, 1r0=5, jmp(1, LABEL_7);
12 LABEL_6 cycle=11st, r0=6, jmp(1, LABEL_3);
13 LABEL_7 cycle=1l1st, r0=7, jmp(1l, LABEL_15);
14 LABEL_8 cycle=11st, r0=8, jmp(1, LABEL_3);
15 LABEL_9 : <cycle=1l1st, r0=9, jmp(1, LABEL_3);
16 LABEL_10 : cycle=11st, r0=10, jmp(i, LABEL_3);
17 LABEL_11 cycle=11st, r0=11, jmp(1, LABEL_3);
18 LABEL_12 cycle=1l1st, r0=12, jmp(1, LABEL_3);
19 LABEL_13 cycle=11st, r0=13, jmp(1, LABEL_3);
20 LABEL_14 cycle=1l1st, r0=14, jmp(1, LABEL_3);
21 LABEL_15 : cycle=1l1st, r0-15, jmp(1, HAHA);
22
23 PASS: cycle=11st, rO0=0xFFFF;
24 cycle=11st, jmp(LABEL_4);
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FAIL_SUB:
HAHA: cycle=11st,

cycle=zero,

cycle=11st,

r0=0xDEAD;
service (echo (hw, "Here"));

service (pattern_stop (hw));

Listing 6.20: Branching using conditional and unconditional jumps

Call

Calls are categorized into two types. Unconditional calls modify the program counter uncondition-
ally, whereas conditional calls rely on flag conditions such as fail (F), persistent fail (PF), fail limit
exceeded (FLE), timers (TO, T1), user flag (UF), and zero flag (Z1) to determine execution. Each
call subroutine mandates a return statement, and users can nest up to 16 calls.

Pattern(test_call2){

Qauto cycle=ddta,

cycle=ddta,
cycle=ddta,
cycle=ddta,
cycle=ddta,
cycle=zero,

cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,

cycle=high,
cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,

cycle=zero,
cycle=ddta,
cycle=zero,

cycle=high,
cycle=zero,
cycle=ddta,
cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,
cycle=ddta,
cycle=zero,
cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,

cycle=zero,
cycle=zero,

x=rl5, y=r0, z=ril;
r0=0, r1=10, x=r0;
rO0=1, r15=0;
r0=2, do=0xf, call(l, CALL_TRUE); # Always jump do=0xf,
r0=3;
r0=4, call(0, CALL_ERROR) ; # Never jump
r2=r1-10, r0=5; # Z1 FLAG is set
r0=6, do=0xf, call(Zi, CALL_TRUE) ;
r0=7, r2=r1+r0;
r0=8, do=0xf, call(NZ1, CALL_TRUE) ;
r0=9, iomask=0xffff; # Will not fail
r0-10, do=0xf, call (NF, CALL_TRUE);
r0=11;
r0=12, do=0xf, call(NPF, CALL_TRUE);
r0=13, iomask=0xffff; # Will fail
r0=14;
r0=15, do=0xf, call(F, CALL_TRUE);
r0=16;
r0=17, do=0xf, call(PF, CALL_TRUE); # Already has a fail
r0=18;
FLIMIT=10;
r0=19, do=0xf, call(NFLE, CALL_TRUE); # Already has a fail
r0=20, iomask=0xffff, repeat(3); # Assuming FLIMIT_REG=10
r0=21, do=0xf, call(FLE, CALL_TRUE);
T0=10;
r0=22, clr(TO);
r0=23, do=0xf, call(NTO, CALL_TRUE); # Assuming TO0=10
r0=24, repeat(8);
r0-25, do=0xf, call(TO, CALL_TRUE);
T1=84;
r0=26;
r0=27, clr(T1);
r0=28, do=0xf, call(NT1, CALL_TRUE); # Assuming T1=20
r0=29, repeat(80);
r0=30, do=0xf, call(T1i, CALL_TRUE);
r0=31;
r0=32, do=0xf,call (NUF, CALL_TRUE);
r0=33;
r0=34, call (UF, CALL_ERROR);
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cycle=ddta,do=5, service (pattern_stop (hw));

CALL_TRUE: cycle=ddta, ri15=r15<<1;
cycle=ddta, ri5=ri5]|1, return;

CALL_ERROR: cycle=ddta, rO0=0xffff, ri15=0;
cycle=ddta, r0=0xffff, return;

Listing 6.21: Branching using conditional and unconditional calls

Loop

Hardware mechanisms facilitate the repetition of code blocks via loops, initiated with for and
terminated with endfor. Repetition counts can be 16-bit immediate or sourced from a GPR. Users
can nest up to 16 for loops.

Pattern(nested_loops){
# to be used with GeneralFormats GeneralSignals
Qauto cycle=zero, x=r0, y=rl, z=r2;
cycle=one, r0=1, ri1=2;
cycle=zero, r2=3, r5=10;
cycle=one, r0=1, for(r5);
cycle=zero, for(r0);
cycle=one, rO+=1, for (10);
cycle=zero, ri1+=2, r2+=3, repeat(rb);

cycle=zero, r5-=1, endfor;
cycle=one, endfor;
cycle=one, r5=10, endfor;
cycle=zero, x=r0, y=r0, z=r0, r0O=0xdead, service(pattern_stop(hw));
}
Listing 6.22: Branching using for loops
Repeat

Repeat branching allows for the execution of an instruction multiple times, with repetition counts
either 16-bit immediate or obtained from a GPR.

Pattern(repeatTest){
# to be used with GeneralFormats GeneralSignals
Qauto cycle=zero, x=r0, y=rl, z=r2;

cycle=zero, r1=0, r2=0xff;
cycle=zero, r0=3, r2=0xaa;

cycle=zero, rO+=1, ri1+=2, for (10);
cycle=one, 1rO0+=1, ri+=2, repeat (2);
cycle=clkl, r0+=1, ri1+=2, repeat (2);
cycle=zero, rO+=1, ri+=2, repeat (r0);
cycle=clk2, r0+=1, ri1+=2, repeat (4);
cycle=one, rO0+=1, ri1+=2, endfor;

END: cycle=zero, service(pattern_stop(hw));

Listing 6.23: Branching using repeats

Service
Service branching enables the pattern generator to invoke a Python function while maintaining
the current instruction until the service returns, either as CONTINUE to proceed, or STOP to halt the
pattern.

Pattern(service_call){
cycle=low, ri+=1, service( echo(hw, ’Hello World’) ); # Prints and CONTINUE
cycle=low, r0=0x1111;
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cycle=low, r0=0x2222;
cycle=low, service(pattern_stop (hw)); # STOP

Listing 6.24: Stalling the pattern and calling a service on host

Compiler Instructions

compilerInstruction := Qusing <symbolName>;
Qauto cycle_ulnstr<,ulnstr>;
@param <parameterName>=<ParameterValue>, ...;

Patterns might incorporate compiler instructions, which are preparatory and not executed. The
@auto and @using instructions aid in code clarity, while the @param instruction facilitates pattern
parameterization.

Pattern(param_test){
Oparam TIMES = 1, P1=1, P2=1, P3=1, P4=1;
Qauto cycle=zero, x=r0, y=rl, z=r2, do=0xf;

cycle=zero, r0=0xball, for (TIMES);
cycle=zero, repeat(P1);
cycle=zero, repeat(P2);
cycle=zero, repeat(P3);
cycle=zero, repeat (P4);
cycle=zero, repeat(P1);
cycle=zero, repeat(P2);
cycle=zero, repeat (P3);
cycle=zero, repeat(P4);

cycle=zero, endfor;

cycle=zero, service(pattern_stop(hw));

}

Listing 6.25: Compiler instructions are ment to improve pattern readability and parameterization.

Notes
* Only one branch per instruction is allowed.
* Auxiliary register assignments (e.g., TO=. . .) consume both ALUs.

» Logging buffer is 4K entries; use service () to offload.
* x,y, z default to r0 if not assigned.

Services

Services are Python functions that run on the host PC. They can be triggered by patterns to perform
tasks such as:

* Extracting logged data

* Plotting results

* Controlling external instruments

* Managing test flow

The first argument for a service must be Aw and it must return, hw.CONTINUE to continue
running the calling pattern or hw . STOP to stop the pattern. If a system call or any python function
does not return hw.CONTINUE or hw.STOP, the the user must create a service that handles those

returns.
def echo(hw, msg):
""" print the string <s> """

print (msg)
return hw.CONTINUE

def sleep_sec(hw, num_secs=1):
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@ LogicTerm Studi 6A V1 [ C\Users\Usen\LTStudio\testFiles\working_proj.Itp

File Help
P HE® 2@ D CQ patem et
Proectlanager T EX |/ generalFunsitpy » \

£> working_proj.It;
. Ubi’:’; o 1odef readtables (nw) :

& -

2 print("This is

-5 Senvicefiles nw.data. funcl =
nw.data. lastFun
nw.getAllFifoNords ()
return hw.CONTINUE

~ GeneralFormats OneFormat_Xor v (1 L O U Batch: testBatchiibn {53 () CRACE

[] system.ltpy i

[7 generalFuns.itpy 5

(-7 Batch files €
Formats 7
b

s

def createdb(hw, name= _data.db', force_remove=1):

(-7 Signals
{ Symbols hw.createDB (name, force_remove)
10 retarn nw.CONTINUE
| @7 pattems u
Senvice Funcs 12 odef printDataBase (hw) :
mT hu.BrintD8()
11 retarn nw.CONTINUE
15
16
17
18
| 15
20
2
| Console =Bx
Creating table I0Fails (Created]

|Creating table X¥Z
Creating table CRC_BC
Creating table INSTRCNTR
|Creating table USZRWORD
lcreating table ProgramCode
Creating table IOCounters Created]
Creating table IOChange [Created]
Service files

system.ltpy

generalFuns_ ltpy
|Service files

system.ltpy

generalFuns.ltpy

[Created]
[Created

Not connected!

Ready
Figure 6.8: LTStudio Services
7 """ Sleep for <num_secs> seconds -- default=1 """
8 from time import sleep
9 sleep(num_secs)
10 return hw.CONTINUE

11
12 def stop (hw):

13 """ stop the pattern """
14 return hw.STOP
Listing 6.26: Service example
How it is invoked:
1 Pattern(myPat){
2 cycle=idle;
3 cycle=idle, service(echo(hw,"Hello World!"));
4 cycle=idle, service(sleep_sec(hw,5));
5 cycle=idle, service(echo(hw,"Bye!"));
6 cycle=idle, service(stop(hw));

Listing 6.27: Invoking services. Note that none of the services return something other than
hw.CONTINUE or hw.STOP

6.5.1 Wrappers for services
Accessing GPRs and pattern registers
* hw.printGPRs prints the value of all 16 GRPs.
* hw.getGPR returns the value for a specific GPR.
* hw.getPC returns the current program counter that is the service is being called from.
* hw.getInstrCounter returns the current instruction counter.
def printATPG_regs (hw):
hw.printGPRs ()
print ("GPR[0] =%.04x"% hw.getGPR(0))
print ("Current program counter is at",

print ("Current instruction counter is at",
return hw.CONTINUE

hw.getPC())
hw.getInstrCounter ())

AN AW =

Listing 6.28: Create a service for the system call wrappers with returned data.
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Pattern(service_pat_call){
cycle=low, r0=0x0000, r1=0x1111;
cycle=low, r2=0x2222, r3=0x3333;
cycle=low, r4=0x4444, r5=0x5555;
cycle=low, r6=0x6666, r7=0x7777;
cycle=low, r8=0x8888, r9=0x9999;
cycle=low, ri10=0Oxaaaa, r11=0xbbbb;
cycle=low, r12=0xcccc, r13=0xdddd;
cycle=low, ri14=0Oxeeee, r15=0xffff;
cycle=low, service( hw.printGPRs() );
cycle=low, rO+=1, service( hw.printGPRs() ); # Note that r0 cannot be predicted
cycle=low, rO+=1, service( printATPG_regs (hw) );
cycle=low, service(stop(hw));

}
Listing 6.29: Accessing GPRs services

Console

Runn;ngJ[3] ;erﬁice_pat_cail using fhe Format;Def;ultForﬁats aha’signal:DeFaultSignals and parameters= {}

Format/Signal/Pattern were successfully compiled

Executing service »» hw.printGPRs()

r@=eeee rl=1111 r2=2222 r3=3333 r4=4444 r5=5555 r6=6666 r7=7777 rB=8888 r9=9999 rl@=aaaa rll=bbbb rl2=cccc rl3=dddd rl4=eeee r15=Ffff
Executing service >> hw.printGPRs()

r@=2ca3 rl=1111 r2=2222 r3=3333 r4=4444 r5=5555 r6=6666 r7=7777 r8=8888 r9=9999 rl@=aaaa rll=bbbb rl2=cccc rl3=dddd rl4=eeee r15=Ffff
Executing service »> printATPG_regs(hw)

r@=ca4@ rl=1111 r2=2222 r3=3333 r4=4444 r5=5555 r6=6666 r7=7777 r§=8888 r9=9999 rl@=aaaa rll=bbbb rl2=cccc rl3=dddd rl4=eeee r15=Tfff
GPR[@] =79bb

Current program counter is at 18 while the next is at 18

Current instruction counter iz at 13838520

Executing service »> stop(hw)

Pattern Done: CRC= 93394251 InstrCounter= 18669889 curPC= 11, nextPC= 11

The pattern has been successfully stopped

Figure 6.9: Output of service_pat_call pattern for printing GPRs, PC, nextPC and InstrCounter.

Accessing USERLED
* hw.setUSERLED sets the User RGB LED.
* hw.getUSERLED gets the current status of the User RGB LED.

def invert_userled (hw):
rgb_val=hw.getUSERLED ()
r = (rgb_val>>16)&0xff
g = (rgb_val>>8)&0xff
b = (rgb_val>>0)&0xff
hw.setUSERLED( r~Oxff, g~Oxff, b~O0xff )
return hw.CONTINUE

Listing 6.30: Create a service for the system call wrappers (hw. getUSERLED) with returned data.

Pattern(service_userled){
cycle=low;
cycle=low, service (hw.setUSERLED (0x00, 0x00, 0x00));
cycle=low, service (hw.setUSERLED (0xff, 0x00, 0x00));
cycle=low, service (hw.setUSERLED(0x00, Oxff, 0x00));
cycle=low, service (hw.setUSERLED (0x00, 0x00, Oxff));
cycle=low, service (hw.setUSERLED (Oxff, Oxff, Oxff));
cycle=1low;
cycle=low, service(invert_userled(hw));
cycle=low, service(stop(hw));

Listing 6.31: Accessing USERLED

Accessing USERWORD

USERWORD is a hardware register that carries its value between patterns.
* hw.setUSERWORD sets the value of the 64 bit User Word.
* hw.getUSERWORD gets the value of the 64 bit User Word.
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Console

Running [5] service_userled using the format=DefaultFormats and signal=DefaultSignals and parameters= {}

Format/Signal/Pattern were successfully compiled

Executing service »»> hw.setUSERLED(@x@a,8x00 ,8:x08 )

Executing serwvice »»> hw.setUSERLED(@xTf,8x00,08:x08)

Executing service »»> hw.setUSERLED(@x®a,8xTf,8:x08)

Executing service »»> hw.setUSERLED(@x®a,8x06,8xff)

Executing service >> hw.setUSERLED(@xff ,8uff,8xfT)

Executing service »»> invert_userled(hw)

Executing service »>> stop(hw)

Pattern Done: CRC= 552d22c8 Instrounter= 7685869 curPC= 8, nextP(= &

The pattern has been successfully stopped

Figure 6.10: The output of service_userled pattern

def print_userword (hw):

print ("USERWORD=%.016x"%(hw.getUSERWORD ()))
return hw.CONTINUE

Listing 6.32: Create a service for (hw.getUSERWORD)

Pattern(service_userword) {

cycle=1low;

cycle=low, service(print_userword(hw));

cycle=low, service(hw.setUSERWORD (0xfedcba9876543210)) ;
cycle=low, service(print_userword(hw));

cycle=low, service(stop(hw));

Listing 6.33: Accessing USERWORD

Console

Running [6] service_userword using the format=DefaultFormats and signal=DefaultSignals and parameters= {}

Format/Signal/Pattern were successfully compiled

Executing service >»> print_userword(hw)

USERWORD=2GR2EE00000802802

Executing service >»> hw.setUSERWORD(8xfedcba9876543218)

Executing service >» print_userword(hw)

USERWORD=Tedcbad876543216

Executing serwvice »>> stop(hw)

Pattern Done: CRC= 6984bb59 Instrfounter= 5746888 curPC= 4, nextPC= 4

The pattern has been successfully stopped

Figure 6.11: Output for service_userword pattern

Accessing USERBUTTON

* hw.waitUSERBUTTON (msg) will bring a GUI window waiting for user to press UBTN to
proceed. Default message is "Press UBTN to proceed".

* hw.getUSERBUTTON returns the value of the shift register for button status, active high. 32
bit register that samples the user LED at Imsec rate.

def print_pressed_userbutton (hw):

print ("Before pressing: 7%.08x")hw.getUSERBUTTON())
print ("Waiting for user to press:")
ubtn=hw.getUSERBUTTON ()
while ubtn==0:

ubtn=hw.getUSERBUTTON ()
print ("After pressing:%.08x"%ubtn)
return hw.CONTINUE

Listing 6.34: Create a service for (hw.getUSERBUTTON)
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Pattern(service_userbtn){
cycle=1low;

cycle=low, rO+=1, service (hw.waitUSERBUTTON("Please press user button
cycle=low, service(print_pressed_userbutton (hw));

cycle=low, service(stop(hw));

Listing 6.35: Accessing USERBUTTON

"))

File Ut Help
Project Manager =@x

[] pps_seans
[ printThings

, serviece(
, service |

[] relay_test 2170
[) repeatTest 2171

ce_userwor

[ resistor_mux 2172 , service(
[] resistor_mux PPS 2178
2174
[ scope ine
[ senvice_call o17e
[ senvice pat_call 2177
[ service userbtn 2178
[ service_userled 2175 ce_userber
[ service_usenword 2180

[ setbio oo

0 2182
sinewave
[} singleFail e

9 2104 | 3

[ test alu o

Interactive Shel

@ |7 B D C Q paten seniceusetn v | Defautfommats v Defauitsignals | @ @ Q) @) [satch scracnion - G R

Consoe
Function ~setCLA’ added o shell.
Function 'setPPS_r' added to shell
Function sineUszriem’ added to shell
Function 'sleep_ms’ added to shell
Function 'sleep_sec’ added to shell.
Function 'squareuserten’ added to shell.
Function 'stop' added to shell

Function "tryme’ added to shell

Running [0] service_userbtn using the format=DefaultFormats and signal=Defaultsignals and parameters= {}

Format/signal/Pattern were successfully compiled
Executing service >> hw.waitUSERBUTTON("Please press user button ...")

[The pattem has been successfully started

Figure 6.12: hw.waitUSERBUTTON (msg) creates a pop-up window.

Manipulating the database
* hw.PrintDB
* hw.getDbName
* hw.runQuery

Console

Connected [LT16D022500024]

=ax

Format/Signal/Pattern were successfully compiled

Executing service >> hw.waitUSERBUTTON("Please press user button

Executing service »>» print_pressed_userbutton(hw)
Before pressing: ffseecee

Waiting for user to press:

After prescing:@ARRTTTT

Executing service »» stop(hw)

Pattern Done: CRC= 69@4bbs59 Instrlounter= 69214692 curPC= 3, nextP(C= 3

:I'he pattern has been successfully stopped

Figure 6.13: Output of service_userbutton pattern. Note that user button is partially pressed.
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1 def print_dbase_info (hw):

2 print ("Current database is %s"%hw.getDbName ())

3 print ("Full print of the database:")

4 hw.PrintDB ()

5 print ("Running a query and printing results:")

6 data=hw.runQuery("select I0, Counter from IOCounters")
7 for io,cntr in data:
8 print (£"{io}: {cntr}")
9 return hw.CONTINUE

Listing 6.36: Create a service for manipulating the database.

Pattern(service_dbase){
cycle=1low;
# cycle=low, service(hw.createDB("heho.sqlite", 1));
cycle=low, service (hw.PrintDB());
cycle=low, log(FCNTRL);
cycle=low, service(print_dbase_info (hw));
cycle=low, service(pattern_stop (hw));

0NN AW =

Listing 6.37: Manipulating the database

Pattern Output:

Executing service >> print_dbase_info (hw)
Current database is :memory:

Full print of the database:

TABLE [Records] (count=9):

id | Type

1 | Groups

2 | IOCounters
9 | IOCounters

TABLE [Groups] (count=1):

1 | [0] service_dbase | 1 | 2025-11-08 14:50:48.541187
TABLE [GroupsInfo] (count=1):

id | Formats | Siganls | Params |PinLabels

1 | DefaultFormats | DefaultSignals | | A1,B1,C1,D1,E1,F1,G1,..

TABLE[IOFails] (count=0):

id | 10 | Counter
2 | 0 | 0
3 | 1 | 0
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TABLE[Info] (count=0):

id | X | Y Z |  curPC | nextPC |InstrCntr

Running a query and printing results:

0: 0

1: 0

7: 0

Executing service >> pattern_stop(hw)

Pattern Done: CRC= fbac7c3a InstrCounter= 4288893 curPC= 5, nextPC= 5

Setting Data Groups
* hw.setGroupName provides the means to create data group within a pattern.

1 Pattern(service_grouping){

2 Qauto cycle=low, x=r0, y=rl, z=r2;

3 cycle=low, service(hw.setGroupName ("FastData"));
4 cycle=low, rO+=1, log(INF0), repeat (1000);

5 cycle=low, service(hw.setGroupName ("SlowData")) ;
6 cycle=low, rO+=1, log(INFO), for (1000);

7 cycle=low, repeat (1000);

8 cycle=low, endfor;

9 cycle=low, service(pattern_stop (hw));

0

10 }

Listing 6.38: Data Grouping

ji:f,:%: database taion you want to pe
- Database Operations [:memory:]

- Export Database

- Import Database

- [28] service_grouping

; [FastData]: Print info... (1000 records)

[FastData]: Generate V(D file for INFO data (_28 service_grouping FastData_Info.vcd)
[SlowData]: Print info... (1000 records)

[SlowData]: Generate VCD file for INFO data (_28 service_grouping SlowData_Info.vcd)
- [27] service_pps

- [26] service pps

Figure 6.14: Database operation window is showing the subgroups of data within the
service_grouping pattern.

Accessing User Memory

* hw.setUSERMEM (address, value) writes the 16bit value to the mem[address].
* hw.getUSERMEM (address) returns the 16bit value stored in mem[address].

1 def sineUserMem(hw):
from math import sin
for addr,val in enumerate ([int((sin(i*2%3.14/1000)+1)*5000) for i in range
(1000)1):
hw.setUSERMEM (addr , val)
#print (", ".join(["%i"%hw.getUSERMEM(i) for i in range (1000)]))
return hw.CONTINUE

W N

def sawtoothUserMem (hw) :
for addr,val in enumerate ([(i%100)*100 for i in range (1000)]):
hw.setUSERMEM (addr, val)

[« INCRE-CREN e NNV NN

—
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11 #print (", ".join(["%i"%hw.getUSERMEM(i) for i in range (1000)1))

12 return hw.CONTINUE

13

14 def squareUserMem (hw):

15 for addr,val in enumerate ([((i&64)>>6)*10000 for i in range (1000)1]):
16 hw.setUSERMEM (addr, val)

17 #print (", ".join(["%i"%hw.getUSERMEM(i) for i in range (1000)1]1))

18 return hw.CONTINUE

19

20 def randomUserMem (hw) :

21 from random import random

22 for addr,val in enumerate ([int(random()*10000) for i in range (1000)1):
23 hw.setUSERMEM (addr, val)

24 #print (", ".join(["%i"%hw.getUSERMEM(i) for i in range (1000)1]1))

25 return hw.CONTINUE

Listing 6.39: Create services for loading the USERMEM with 1000 sample of a sinewave, sawtooth,
squarewave, and random data.

|--Database Operations [:memory:]
-- Export Database
- Import Database
E| [@] service_usermem
- [5inewave]: Plot Analog Data (Custom X and Y, 2000 records)
- [Sawtooth]: Plot Analog Data (Custom X and Y, 80600 records)
- [5quare]: Plot Analog Data (Custom X and Y, 8000 records)
- [Random]: Plot Analog Data (Custom X and Y, 8000 records)
.. plot Analog Data (Custom X and ¥) (All Groups, 32000 records)

[B% Please select X and ¥ (multiple ¥'s are acceptable) = a X

Select X-axis: ‘ Sample V‘

Select V-awis: @] service usermem.Sinewave
adcl [[@] service_usermem.Sinewave]
ppsmv [[@] service_usermem.Sinewave]

daclmi [[B] service usermem.Sinewave

adcl [[@] service_usermem.Sawtooth]
ppsmv [[@] service usermem.Sawtooth]
daclmi [[B] service usermem.Sawtooth

adcl [[@] service_usermem.Square]
ppsmv [[@] service_usermem.Square]
daclmi [[B] service usermem.Sguare

adcl [[@] service_usermem.Random]
ppsmv [[@] service_usermem.Random]
daclmi [[@] service_usermem.Random]

Plot

B Auto-close Refresh

Figure 6.15: Example of how to plot data using database operations.

1 Pattern(service_usermem){

2 @param SAMPLES=2000;

3 Qauto cycle=zero, x=r0, y=rl, z=r4;

4 cycle=zero, r3=998;

5

6 cycle=zero, service(hw.setGroupName ("Sinewave"));
7 cycle=zero, service(sineUserMem(hw));

8 cycle=zero, r0=0, call (SETDACO);

9

10 cycle=zero, service(hw.setGroupName ("Sawtooth"));
11 cycle=zero, service(sawtoothUserMem(hw));

12 cycle=zero, r0=0, call (SETDACO);

13

14 cycle=zero, service(hw.setGroupName ("Square"));
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cycle=zero, service(squareUserMem(hw));
cycle=zero, r0=0, call (SETDACO);

cycle=zero, service(hw.setGroupName ("Random")) ;
cycle=zero, service(randomUserMem (hw));
cycle=zero, r0=0, call (SETDACO);

# NOTE: you must wait 15 cycles before you can load the next DAC value
cycle=zero, repeat (15);
cycle=zero, dacO=r0;

cycle=zero, service(pattern_stop (hw));

SETDACO: cycle=zero, rl=mem[r0], for (SAMPLES);
cycle=zero, r4=r0>r3, dacO=rl, log(ADC);
cycle=zero, repeat (1000);
cycle=zero, r0=r0|ré4;
cycle=zero, r0+=1, endfor;
cycle=zero, return;

}

Listing 6.40: A pattern for driving sinewave, sawtooth, squarewave, and random data on DACO
and read it back on the ADCO. Note that you must connect the loopback cable between DACO and
ADCO.

{81 Plot Anlog Data (Custom X and Y) (All Groups, 32000 records) - o x
File _Options _Help
adc0 [[0] service_usermem.Sinewave]
—— adc0 [[0] service_usermem.Sawtooth]
adc0 [[0] service_usermem.Square]
adc0 [[0] service_usermem.Random]

Plot Analog Data (Custom X and Y) (All Groups, 32000 records)

s
o
g
E
S

1000
Sample

X.Y= -38.0965, 1031 X.Y= 299.724, -0.223433

Figure 6.16: Creating a plot using the "Plot Analog Data" option inside the database operations
utility in LTSudio. Note that "Sample" was used as the X axis and Y data were the ADCO data.

Accessing Fail Limit (FLIMIT)
* hw.setFLIMIT (value) sets the fail limit for the fail limit exceed flag (FLE).
* hw.getFLIMIT returns the value of the FLIMIT.

def print_flimit (hw):
print ("FLIMIT=%.06x"%hw.getFLIMIT()) # Note: that FLIMIT is 24bit
return hw.CONTINUE

Listing 6.41: Create a service for accessing Fail Limit (FLIMIT).

Pattern(service_flimit){
cycle=1low;
cycle=low, FLIMIT=0x87654321; # Set from the pattern
cycle=low, service(print_flimit (hw));
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cycle=low, service(hw.setFLIMIT(100)); # Set by a service
cycle=low, service(print_flimit (hw));
cycle=low, service(pattern_stop(hw));

Listing 6.42: Accessing Fail Limit (FLIMIT)

Format/Signal/Pattern were successfully compiled
Executing service »»> print_flimit(hw)
FLIMIT=654321

Executing service »> hw.setFLIMIT(188)

Executing service >»> print_flimit(hw)

FLIMIT=0oaac4

Executing service »»> pattern_stop(hw)

Pattern Done: (CRC= 552d22c3 Instrlounter= 6168789 curPC= 5, nextPC= 5

The pattern has been successfully stopped

Figure 6.17: Output of service_flimit pattern

Accessing DACs
* hw.setDACO(voltage) sets the voltage for DACO.
* hw.setDAC1(voltage) sets the voltage for DACI.
* hw.getDACIMI returns the current for DACI in mA.

def measure_current(hw, load_res):
cur=hw.getDACIMI ()
print ("Current is %imA. Voltage=%.2fV"%(cur, cur*load_res/1000))
return hw.CONTINUE

Listing 6.43: Create a service for accessing DACs.

Pattern(service_dacs){
cycle=1low;
cycle=low, service (hw.setDACO(0));
cycle=low, service (hw.setDACO0(2.5));
cycle=low, service (hw.setDACO(7));
cycle=low, service (hw.setDACO(10));

cycle=low, service(hw.setDAC1(0));

cycle=low, service(measure_current (hw, 220));
cycle=low, service(hw.setDAC1(1));

cycle=low, service(measure_current (hw, 220));
cycle=low, service (hw.setDAC1(5));

cycle=low, service(measure_current (hw, 220));
cycle=low, service (hw.setDAC1(10));
cycle=low, service(measure_current (hw, 220));
# Reset back DACs to OV

cycle=low, service(hw.setDACO(0));

cycle=low, service (hw.setDAC1(0));

cycle=low, service(pattern_stop(hw));

Listing 6.44: Accessing DACs

Accessing ADCs
* hw.getADCO/hw.getADC1 returns the ADC read.

def print_adc (hw):
print ("ADCO=%.03f ADC1=%.03f"%(hw.getADCO () ,hw.getADC1()))
return hw.CONTINUE

Listing 6.45: Create a service for accessing ADC.
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Conzole

Running [12] service_dacs using the format=DefaultFormats and signal=DefaultSignals and parameters= {}

Format/Signal/Pattern were successfully compiled
Executing service >» hw.setDACB(B)

Executing service »>»> hw.setDAC®(2.5)
Executing service »>» hw.setDACB(7)

Executing service >» hw.setDACB(18)
Executing service >» hw.setDACL(®)

Executing service »>» measure_current(hw,228)
Current is @mA. Voltage=@.@aVv

Executing service >» hw.setDACL(1)

Executing service > measure_current(hw,228)
Current is @mA. Voltage=@.oaVv

Executing service »>» hw.setDACL(S)

Executing service »>» measure_current(hw,228)
Current is @mA. Voltage=8.81V

Executing service >» hw.setDACL(18)
Executing service >» measure_current(hw,228)
Current is @mA. Voltage=8.81V

Executing service »>» hw.setDACB(8)

Executing service >> hw.setDACL(®)

Executing service >» pattern_stop(hw)
Pattern Done: CRC= 69@84bb59 Instrfounter= 16821698 curPC= 15, nextPC= 15

The pattern has been successfully stopped

Figure 6.18: Output for service_dacs with no load

Pattern(service_adcs){
cycle=1low;
# Loopback cables between the ADCs and the DACs
cycle=low, service(hw.setDACO(0));
cycle=low, service(print_adc (hw));

cycle=low, service (hw.setDACO(2.5));
cycle=low, service(print_adc (hw));

cycle=low, service (hw.setDAC1(5));
cycle=low, service(hw.setDACO(7));
cycle=low, service(print_adc (hw));

cycle=low, service (hw.setDACO(10));
cycle=low, service(print_adc (hw));

# Reset back DACs to OV

cycle=low, service (hw.setDACO(0));
cycle=low, service (hw.setDAC1(0));
cycle=low, service(pattern_stop (hw));

}
Listing 6.46: Accessing ADCs

Accessing PPS
hw.setPPSV hw.configPPS(opmode, cur_range, volt_range:

* opmode is "FVMV" or "FVMI". This will affect the result of hw.getPPS.

e cur_range is "SuA", "25uA", "250uA", "2.5mA", "25mA", "250mA", or "500mA" for
maximum source or sink current of + SuA, £ 25uA, &+ 250uA, £+ 2.5mA, + 25mA, £+
250mA, or +500mA /—250mA, respectively.

* volt_range is "BIP_6V", "UNI_P10V", or "UNI_NI10V" for ranges -6V to 6V, 0 to 10V or 0
to -10V.

hw.getPPS returns (measurement, type). type is V or 1. The unit is voltage or mA.

1 def print_pps(hw):
2 (meas, v_or_i)=hw.getPPS()
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Console

Running [20] service_dacs using the format=DefaultFormats and signal=DefaultSignals and parameters= {}

Format/Signal/Pattern were successfully compiled
Executing service >» hw.setDAC®(8)

Executing service »>> hw.setDAC@(2.5)
Executing serwvice >» hw.setDACB(7)

Executing service >» hw.setDACS(18)
Executing service >» hw.setDACL(8)

Executing service »>» measure_current(hw,228)
Current is @mA. Voltage=8.88V

Executing service >» hw.setDACI(1)

Executing service >» measure_current(hw,22@)
Current is 4mA. Voltage=8.97V

Executing service >» hw.setDACL(S5)

Executing service >» measure_current(hw,22@)
Current is 22mA. Voltage=4.86V

Executing service >» hw.setDACL(18)
Executing service »>» measure_current(hw,228)
Current is 44mA. Voltage=9.72V

Executing service >» hw.setDACB(@)

Executing service >» hw.setDACL(@)

Executing service >» pattern_stop(hw)
Pattern Done: CRC= 69@24bb59 InstrCounter= 38836224 curPC= 15, nextPC= 153

The pattern has been successfully stopped
Figure 6.19: Output for service_dacs with 220 Q load
unit = "V" if v_or_i=="V" else "mA"

print ("PPS_M%s=%.03f%s"%(v_or_i, meas, unit))
return hw.CONTINUE

Listing 6.47: Create a service for accessing PPS.

Pattern(service_pps){
cycle=1low;
cycle=low, service(hw.configPPS(’FVMV’, ’25mA’, *UNI_P10V’));
cycle=low, service (hw.setPPSV(0.123));
cycle=low, service(print_pps (hw));
cycle=low, service(hw.setPPSV(5.555));
cycle=low, service(print_pps (hw));
cycle=low, service (hw.setPPSV(9.876));
cycle=low, service(print_pps (hw));
cycle=low, service(hw.configPPS(’FVMI’, ’25mA’, ’*UNI_P10V’));
cycle=low, service(print_pps (hw));
cycle=low, service(pattern_stop(hw));

Listing 6.48: Accessing PPS

Plotting wrappers

1
2
3
4

AN W

* hw.plot(data, title, win, ylabell): datais alist of lists with the first list is the data
headers. title is to be viewed in the top of the plot. win is the window number to be used —
keep changing it to create multiple windows. ylabell additional Y label.

* hw.plotall(what_1i, win) automatically plots the curves listed in what_li which can be
any combination of "adc0", ’adcl”, "ppsmv", "ppsmi" and "daclmi".

def create_plot (hw):

data=[["X", "FastData", "SlowData"]]

x_data=range (1000)

f_data=hw.runQuery("select InstrCntr from InfoView where GroupName LIKE %%
FastData%%’ limit 1000")

f_data = [row[0] for row in f_datal

f_data = [entry-min(f_data) for entry in f_datal

s_data=hw.runQuery("select InstrCntr from InfoView where GroupName LIKE ’%%
SlowData%%’> limit 1000")
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Figure 6.20: Loopback cables between the ADCs and the DACs

8 s_data = [row[0] for row in s_datal

9 s_data = [entry-min(s_data) for entry in s_datal

10 data.extend(zip(x_data, f_data,s_data))

11 hw.plot (data, ’Fast vs Slow’, 1, ’Instruction Counter’)
12 return hw.CONTINUE

Listing 6.49: Creating a service to plot data extracted from the database.

1 Pattern(service_plotting){

2 cycle=1low;

3 cycle=low, service(create_plot (hw));

4 cycle=low, dacO=r0, log(ADC), for(1000);

5 cycle=low, repeat (100);

6 cycle=low, r0+=20, endfor;

7 cycle=low, service(hw.plotall([’adc0’, ’adcl’, ’dacimi’]));
8 cycle=low, service(pattern_stop(hw));

9

Listing 6.50: Accessing PPS
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Conzole

Running t21] service_adcs Esing the format=DefaultFormats and signal=DefaultSignals and parameters= {}

Format/Signal/Pattern were successfully compiled
Executing service »»> hw.setDACB(8)

Executing service »» print_adc(hw)

ADC@=-8.882 ADCl=-9.803

Executing service »> hw.setDACB(2.5)

Executing service »>»> print_adc(hw)

ADCB=2.498 ADC1=-0.804

Executing service »»> hw.setDACL(S)

Executing service »>»> hw.setDACB(7)

Executing service »»> print_adc(hw)

ADCE=6.999 ADC1=4.996

Executing service »>»> hw.setDACB(18)

Executing service »» print_adc(hw)

ADC@=1@.883 ADC1=4,998

Executing service »>»> hw.setDACB(2)

Executing service »»> hw.setDACL(8)

Executing service >» pattern_stop(hw)

Pattern Done: CRC= 6984bb59 InstrCounter= 15134148 curPC= 12, nextPC= 12

The pattern has been successfully stopped

Figure 6.21: Output for service_adcs with loopback cables between the ADCs and the DACs
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X.Y=739.604, 2.40606

Figure 6.23: The output plot of hw.plot
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Console

Running [27] service pps using the format=DefaultFormats and signal=DefaultSignals and parameters= {}

Format/Signal/Pattern were successfully compiled

Executing service »» hw.configPPS('FVvMV', "25ma", "UNI_Plav')
Executing service »» hw.setPPSV(@.123)

Executing service > print_pps(hw)

PPS_MW=@.123V

Executing service »» hw.setPPSV(5.555)

Executing service > print_pps(hw)

PP5_MW=5.555V

Executing service »» hw.setPPSV(9.876)

Executing service »> print_pps(hw)

PP5_MW=9.875V

Executing service »» hw.configPPS('FVMI', "25mA", "UNI_Plav')
Executing service »»> print_pps(hw)

PP5S_MI=@.8@87mA

Executing service >» pattern_stop(hw)
Pattern Done: CRC= 6984hh59 Instrlounter= 12241585 curPC= 168, nextP(C= 18

The pattern has been successfully stopped

Figure 6.22: Output for service_pps

[l Fastvs Slow - o X
File Help
adco
adcl
daclmi

[37] service_plotting

s
o
=)
S
G
>

224500 225000 225500 226000 226500 227000 227500 228000 228500
Time (us)

X,Y,Y2= 223809, 12.5358, 1.2724. XY= 226356, 0.382552

Figure 6.24: The output plot of hw.plotall

Other functions

* hw.sleep allows create time pauses using Python sleep function. Note that this is a software
function and may not be precise.

6.6 Custom Services

Services are Python functions that run on the host PC and interact with the LT16M database,
patterns, and hardware. They can be triggered from patterns or batch scripts to perform logging,
plotting, control, and analysis.

6.6.1 Creating a Service
Each service is defined in a “.ltpy‘ file and must include a function with a unique name. Example:
1 def plot_waveform():

2 data = db.query("SELECT * FROM AnalogData WHERE Type = ’adcl’")
3 plot (data)
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Key Features
» Access to SQLite database via hw.runQuery ()
* Built-in plotting and export functions
* Can be called from patterns using service(service_name)

Logging and Exporting
Services can log results and export data for post-processing:

def log_and_export():
db.save("session.db")
db.export("session.xlsx")

Control and Automation
Services can control test flow and external instruments:

def control_supply():
set_voltage ("PPS", 3.3)
wait (0.5)
measure_current ("PPS")

Service Invocation from Pattern

Patterns can trigger services using the ‘CALL* instruction:

PATTERN RunTest
FORMAT FO { DIO[0:3] = 0b1100; 1}
FO; LOG;
CALL plot_waveform;

Best Practices

» Keep services modular and reusable
* Validate inputs and handle exceptions
» Use consistent naming and documentation

Batch Scripts

Batch scripts are Python scripts that automate the execution of multiple patterns and services. They
are ideal for production testing, regression runs, and complex workflows.

* Load and execute multiple objects

* Control timing and sequencing

* Perform post-processing and export

Wrappers for Batch Scripts

* hw.pat_run(pattern_name, formats, signals, **params) starts the <pattern_name>
pattern using <formats> and <signals> with the provided parameters. This call is a blocking
call and the batch calling it will be stalled until the pattern is stopped.

* hw.pat_reset resets a ATPG/LT16 hardware.

Pattern(custom_clock){
O@param PERIOD_LOW=10, PERIOD_HIGH=10;
cycle=zero, r0=0, service(echo(hw, "Push user button to stop the pattern.") );

CYCLE:
cycle=ddta, repeat(PERIOD_LOW);
cycle=idta, repeat(PERIOD_HIGH-1);
cycle=idta, jmp(NUF, CYCLE); # Press button to stop pattern
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@ LogicTerm Studio -- LT16A_V1 [ C:\Users\User\LTStudio\testFiles\working_proj.Itpj ] - =] X
File Help
@ s @D G Q Paten tetbunen | Generaformats < OneFormat xor < (@ @3 Q) (D | Batch resmatenon G OcTRace
stz s T8X [ testBatchitbh |
=4 working_proj.ltpj P =
@ # MAKE sure it is running with exampleBig.ltlb
(-7 Libraries .
Service files 3
£ Batchfiles 4 from time import sleep
[7] myBatchNew.itbh 5 hw.setUSERLED(J, 0, 0)
[7] DPSbatch.ltoh € passed_tests:
[7] DPSshort.tbh 7 failed tests
[ testBatch.ltbh 8 orest_lib=[
) [ 'test_XYZ', 'GeneralFormats', 'OneFormat_Xonly',
" Formats ezt X
Cignal 10 | [ rtest_xvza', 'GeneralFormats', ‘'OneFormat_Xonly',
- Jlgnals 11 | [ 'test_cycles', 'GeneralFormats', 'OneFormat Xon.
ll Symbols 12 | [ 'test_trigger', ‘'GeneralFormats', 'OneFormat_Xon
[ Patterns 13 | [ 'repeatTest’, "GeneralFormats’, <
-7 Service Funcs. 14 | [ 'GeneralCntr' 'GeneralFormats',
15 [ neralFormats',
16| [ 'GeneralFormats', > .
17 | [ 'nested_loops', ‘'GeneralFormats', 'OneFormat_Xonly'
18 | [ 'test_alu’, 'GeneralFormats', 'OneFormat Xenly',
15 | [ 'paramTest', 'GeneralFormats', 'OneFormat_Xonly 8, {'TIMES': 10}],
20 [ 'paramTest', 'GeneralFormats', 'OneFormat_Xonly ,» {'TIMES': 1}1,
21 | [ 'test call2', 'GeneralFormats', 'OneFormat Xonly', 0x43b€le3s, {}],
Console =8x
Dropping the table INSTRCNIR
Drepping the table USERWORD
Dropping the table ProgramCode
Dropping che table IoCounters
Dropping the table I0Change
Creating table EZvents (Createa
Creating vaple IoFails (Craatea
Creating table X1z (Creaveal
Creaving vable CRC_PC (Creaved)
Creating table TNSTRCNTR (Created
Creating table USZRWORD (Created
Creating vable ProgramCode (Createa
Creating vable IoCounters (Craatea
Creating table IOChange [Created]
Ready Not connected! ]
9 cycle=low, service(pattern_stop (hw));

10 %

Listing 6.51: Creating a pattern with parameters

—_

print ("Calling custom_clock
KHz Period=1.6us
hw.pat_run( "custom_clock",

print ("Calling custom_clock

params={’PERIOD_LOW’:1000, °

hw.pat_run( "custom_clock",
Period=120us

[NV I SRV S

print ("Calling custom_clock
print ("Calling custom_clock
params={’PERIOD_LOW’ :60000,
hw.pat_run( "custom_clock",

[
— O O 0

Hz 9.6ms
12
13 # Blinking the USER RGB LED
14 hw.setUSERLED (Oxff ,0,0)
15 hw.sleep (1)
16
17 hw.setUSERLED (0,0xff ,0)
18 hw.sleep (1)
19
20 hw.setUSERLED(0,0,0xff)
21 hw.sleep (1)
22
23 print("pat_reset resets the

24 hw.pat_reset ()

with default parameters (10, 10)") # Seeing a freq=625

"DefaultFormats", "DefaultSignals")
with different parameters")

PERIOD_HIGH’ :500}
"DefaultFormats",

"DefaultSignals", **params) # 8.33K

with different parameters")
with different parameters")
>PERIOD_HIGH’:60000}

"DefaultFormats", "DefaultSignals", #**params) # 104.17

hardware")

Listing 6.52: A batch file that starts/reset patterns

6.7.2 Batch examples

1 #u###44#
2 # o+
3# |\

Drawing NPN Characteristic Curve ####
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# 1\

# | \ -- Ic--> VCE

#  IPPS\___/\/\/\/\________ o ___

# | / +-- ADCO
# 1/ |

# 1/ + |

# 1/ I +C

# o+ I\ /

# I 1/

# DACO\__/\/\/\/\_B_|I

# | / Rb=10K |

# I/ I\

# I/ \

# [/

# +

#

# S

# =

# ==

HHEHAHAHHASHAHAH AU H AR AR AR H SR AR BB SRR RS SHH RS
setVBE=hw.setDACO # O -->0A, 1V -->100uA, 2V-->200uA
setVCE=hw.setPPSV

getVCE=hw.getADCO

def getIC(): return hw.getPPS() [0]

PPS_SAMPLES=1
VCE_SAMPLES=100
VBE_SAMPLES=10

VBE_MAX=10
# X Axes and Curve Names ["VCE", "IB=20uA", "IB=40uA", ..., "IB=200uA" ]
data=[["VCE"]+["IB=%iuA"%(vb/0.01/5) for vb in range(VBE_SAMPLES+1)]]

hw.configPPS (opmode=’FVMI’, cur_range=’500mA’, volt_range=’UNI_P10V?)

for vce in range (VCE_SAMPLES+1):
print ("Setting VCE to", vce/VCE_SAMPLES=*10)
setVCE (vce/VCE_SAMPLES*10)
hw.sleep(0.01)
record=[getVCE ()]
# Using VBE O to 2V for OuA to 200uA (Rb=10K)
for vbe in range (VBE_SAMPLES+1):
setVBE (vbe/5)
record.append (sum([getIC() for i in range (PPS_SAMPLES) ])/PPS_SAMPLES)
data.append(record)

hw.plot (data, title=’VCE vs IC NPN Transistor’, win=1, ylabell=’IC (mA)’)

# Put it back to safe voltages
hw.setPPSV (0)

setVCE (0)

setVBE (0)

Listing 6.53: A batch file
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IC

VCE vs IC NPN Transistor

1B=0uA

1B=10uA
1B=20uA
1B=30uA
1B=40uA
1B=50uA
1B=60uA
1B=70uA

1B=80uA
1B=90uA
1B=100uA

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
VCE

Figure 6.26: LTStudio Batch for drawing the NPN transistor characterization curve.
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Overview

LT16M uses an in-memory SQLite database to log digital and analog data during pattern execution.
This architecture enables fast access, structured grouping, and seamless export to external formats.

Database Structure

The database is composed of multiple tables that capture different aspects of execution:
* Records — Raw digital and analog samples
* Groups — Logical grouping of records by test phase or pattern
* Groupslnfo — Metadata for each group (name, timestamp, pattern ID)
* Info — Instruction info
* IOChange — Changes to pins
* AnalogData — Captured ADC samples with timestamps
* I0Counters — Per-pin counters for toggles, transitions, and activity
IOFails — Pin-level failure logs

View Tables

LTStudio provides simplified views for quick access to grouped data, as seen in figure 7.2.

Exporting Data

Users can export logged data from LTStudio in multiple formats:
* Excel (.xIsx) — Tabular export for analysis and reporting
* CSV (.csv) — Lightweight format for scripting and automation
* SQLite (.db) — Full database export for advanced querying
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— id &2 integer —— id &2 integer
Name Formats text
Level Signals text
Recorded_at timestamp Params text
PinLabels text
id & integer id? integer
—— id £ integer Value =
—+ d& integer v — curPC
X nteger z nteger InstrCntr integer
u B curPC
‘ ' nextPC
Tick =iexd InstrCntr nteger
102 short
10Change
Y— ido integer
id 2 integer
10
InstrCntr nteger
Counter nteger
10 nteger

dbdiagram.io

Figure 7.1: LT16M database structure

7.5 Service and Batch Integration

Python services and batch scripts can query the database during or after pattern execution to:
* Extract analog waveforms
* Count digital transitions
* Detect failures and anomalies
* Generate plots and reports
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id2 integer ido nteger
Name text Formats
Level ntege Signals
Recorded_at timestam Params t
PinLabels text
ot
id 2 integer id & integer
id 2 nteger Value
IOFailsView . — Unit
id & integer v . curPC
X z ntepe InstrCntr
¥
curPC Fim GroupName
z
nextPC
Tick
InstrCntr
0o short
GroupName
GroupMame
10ChangeView 10CountersView
id& nteger ide integer
InstrCntr ntege| 10
(o] ntege| Counter
GroupName te GroupName

dbdiagram.io
Figure 7.2: LT16M Database View Structure. Note the additional field for GroupName.

Database Tables

Now, here are the full details for each of the tables and their columns.

Records Table

Every reported record will have a unique ascending id and a type. This id will connect to other
tables’ data.

Table Field | Description

id A unique ID for each record in the database

Type | The type of record. Valid types are IOFails, Info, IOCounters,
AnalogData, IOChange, and Groups.

Records

Table 7.1: "Records" table. id is the primary key.
Please refer to subsection 12.5.1 for sample data.

Groups Table

When a pattern is launched, a new "level 1" record is created with the test name and test number.
Please refer to subsection 12.5.2 for sample data.

Groupsinfo Table

A record in GroupsInfo captures the run selections of test pattern including formats, signals, params
and pin labels.
Please refer to subsection 12.5.3 for sample data.
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Table | Field Description
id A unique ID for each group in the table
Groups Name Group name .
Level Group level. Level 1 is for patterns when they start, where level

2 is for sub-groups within a pattern. Sub-groups are defined by
users for data grouping.
Recorded_at | A time stamp for creating this group.

Table 7.2: "Groups" table. id is the primary key.

Table Field Description
id A unique ID for a pattern in groups table.
Formats The selected format for the current pattern.
Groupslnfo | Signals The selected signals for the current pattern.
Params The parameters for the current pattern.
PinLabels | A comma-seperated list of all 16 DIOs labels.

Table 7.3: "GroupsInfo" table. id is the primary key.

7.6.4 10FailsView Table

A record in this table indicates that a read instruction failed, meaning the compare operation did

not pass.

Table 7.4: "IOFailsView" table. (id,IO) is the primary key.

Table Field Description
id The ID for the current record.
X 16 bit X for the current instruction.
Y 16 bit Y for the current instruction.

IOFailsView | Z The least significant 8 bits of Y for the current instruction.
Tick Bit vector for the failing tick.
10 IO number where fail is observed.
GroupName | Group name which consists of test name (and data group

name if exists).

Please refer to subsection 12.5.7 for sample data.

7.6.5 10ChangeView Table

A record in this table indicates that a read instruction detected a change in the 10 state from the
previous read.

Table Field Description
id The ID for the current record.
TOChangeView InstrCntr 44 bit of instruction counter since the start of the pattern.
10 10 mask where change is observed.
GroupName | Group name which consists of test name (and data group
name if exists).

Table 7.5: "IOChangeView" table. id is the primary key.

Please refer to subsection 12.5.8 for sample data.
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7.6.6 10CountersView Table
A record reports the total number of fails for an IO.
Table Field Description
id The ID for the current record.
. IO IO number
T0CountersView Counter 24 bit fail counter
GroupName | Group name which consists of test name (and data group name if
exists).
Table 7.6: "IOCountersView" table. id is the primary key.
Please refer to subsection 12.5.6 for sample data.
7.6.7 InfoView Table

A record reports the state of X, Y, Z, ... etc. for an instruction.

Table Field Description
id The unique ID for the current record.
X 16 bit X for the current instruction.
Y 16 bit Y for the current instruction.
InfoView Z 16 bit Z for the current instruction.
curPC Current Program Counter (PC).
nextPC Next Program Counter (PC).
InstrCntr 44 bit instruction counter
GroupName | Group name which consists of test name (and data group name if
exists).

Table 7.7: "InfoView" table. id is the primary key.

Please refer to subsection 12.5.4 for sample data.

7.6.8 AnalogDataView Table

A record reports the analog value for a certain measurement.

Table Field Description
id The unique ID for the current record.
Type Analog value type. Valid types are adcO, adcl, ppsmi,
ppsmv, and daclmi.
Value Analog value (floating point format).
AnalogDataView | Unit Measurement unit. Valid options are V or mA.
curPC Current Program Counter (PC).
InstrCntr 44 bit instruction counter
GroupName | Group name which consists of test name (and data group
name if exists).

Table 7.8: "AnalogDataView" table. id is the primary key.

Please refer to subsection 12.5.5 for sample data.
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LED Blinking

This example demonstrates how to blink a single LED connected to a DIO pin. We will try using
different ways to achieve that in order to explore the tool’s capability and flexibility.

Setup

* Connect an LED (with series resistor) to DIO[0] or rely on the DIO integrated LED
* Set jumper to 3.3V logic level

LED Blinking by changing the cycle
In this example, we define a single format with two cycles. One cycle, called 1ed_off, is configured
as an output with all four ticks set to Low. On the other hand, the 1ed_high cycle is set to High.

When an LED is connected to the pin DIO[0] of the LT16M, the Signals mySig define what
data source should be used for this pin and what format.

When the pattern myTest starts executing, the first instruction uses the cycle 1led_off which
sets the DIO[0] to O for all 4 ticks (40 ns). The second instruction uses the cycle 1ed_on which
sets the connected pin O to 1 for all 4 ticks (40ns). In addition, it jumps to the instruction at label
AGAIN. In summary, this will cause the pattern to toggle infinitely. Unfortunately, the toggle at
12.5MHz is too fast for humans to see.

Formats(myFrmt) {

# CYCLE 0 1

# FORMAT

cycle_sel = [ led_off, led_on];

LED_FRMT = [ oLLLL, oHHHH 1;
T

Signals(mySig){

Al = dio(pin=0, map=0, format=LED_FRMT) ;
}

Pattern(led_blinking){
AGAIN: cycle=led_off; # 1 Cycle ON takes 40mns
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14 cycle=led_on, jmp(AGAIN); # 1 Cycle OFF takes 40ns
15 }

Listing 8.1: Toggling an LED forever, 12.5MHz!

8.1.2 Slowdown LED Blinking using Repeats
We will use repeat micro-instruction to slowdown LED blinking.

1) GPRs, repeat and for counters are all 16-bit.

1 Pattern(led_blinking_repeat){

2 AGAIN: cycle=led_off, repeat (Oxffff); # Oxffffx40e-9 --> 2.6214ms
3 cycle=led_off, repeat (Oxffff); # Oxffff*40e-9 --> 2.6214ms
4 cycle=led_off, repeat (Oxffff); # Oxffffx*40e-9 --> 2.6214ms
5 cycle=led_off, repeat (Oxffff); # Oxffff+*40e-9 --> 2.6214ms
6

7 cycle=led_on, repeat(Oxffff); # Oxffff*40e-9 --> 2.6214ms
8 cycle=led_on, repeat (Oxffff); # Oxffff*40e-9 --> 2.6214ms
9 cycle=led_on, repeat(Oxffff); # Oxffff*40e-9 --> 2.6214ms
10 cycle=led_on, repeat (Oxfffe); # Oxfffe*x40e-9 --> 2.62136ms
11 cycle=led_on, jmp(AGAIN);

12 }

Listing 8.2: Toggling an LED forever, barely visible!

8.1.3 Slowdown LED Blinking using Loops
Using a for loop with nested repeats to achieve a total of 500ms of toggle time.

Pattern(led_blinking_loop){

1

2 AGAIN: cycle=led_off, for (2500); # (4998+1+1) *2500%40e-9 --> 500.000ms
3 cycle=led_off, repeat (4998);

4 cycle=led_off, endfor;

5

6 cycle=led_on, for (2500); # (4998+1+1) *2500%40e-9 --> 500.000ms
7 cycle=led_on, repeat (4998);

8 cycle=led_on, endfor;

9

10 cycle=led_on, jmp(AGAIN);

11 }

Listing 8.3: Toggling an LED forever, normal toggle

8.1.4 Slowdown LED Blinking by mapping to x[0]
Toggling the LED using data mapped from one of the GPRs in the pattern generator.

1 Formats(myFrmt){

2 # CYCLE 0

3 # FORMAT

4 cycle_sel = [ led_ctrl];

5 LED_FRMT = [ oDDDD ]; # Source data is from pattern

6 }

7

8 Signals(mySig){

9 LED = dio(pin=0, map=x[0], format=LED_FRMT); # LED -mapped-> bit 0 of x
10 }

11

12 Pattern(led_blinking_x0){

13 cycle=led_ctrl, r0=0, x=r0; # Initializing rO to O, LED is off
14 # x is pointing at r0

15 AGAIN: cycle=led_ctrl, x=r0; for (2500);

16 cycle=led_ctrl, x=r0, repeat (4998);

17 cycle=led_ctrl, x=r0, endfor;
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cycle=led_ctrl, rO+=1, x=r0, jmp(AGAIN); # Toggle LED by adding 1 to rO!

Listing 8.4: Toggling an LED forever using x [0]

Slowdown LED Blinking by mapping to x[15]
Toggling an LED connected to pin 0 using bit 15 as the source data.

1) Pattern generator is reset before running any test, so there is no need to initialize r0 to 0.

Formats(myFrmt) {

# CYCLE 0

# FORMAT

cycle_sel = [ led_ctrll;

LED_FRMT = [ oDDDD 1];
}

Signals(mySig){

LED = dio(pin=0, map=x[15], format=LED_FRMT); # LED -mapped-> bit 15 of x
}

Pattern(led_blinking_x15){
AGAIN: cycle=led_ctrl, x=r0, repeat (400); # (400e-9)*(40)*2x*15 = 0.524288
cycle=led_ctrl, rO+=1, x=r0, jmp(AGAIN);
}

Listing 8.5: Toggling an LED forever using x [15]

Slowdown LED Blinking by using Keep and Toggle ticks
Toggling an LED connected to pin 0.

Formats(myFrmt){

# CYCLE 0

# FORMAT

cycle_sel = [ led_togg, led_keepl;

LED_FRMT = [ oTTTT, oKKKK J; # oTTTT: toggle the state of the pin
}

Signals(mySig){

LED = dio(pin=0, map=0, format=LED_FRMT) ;
}

Pattern(myTest){
AGAIN:
cycle=led_keep, for(2500); # 2500%(4998+1+1) *40e-9)=500ms
cycle=led_keep, repeat (4998);
cycle=led_keep, endfor;
cycle=led_togg, jmp(AGAIN);

Listing 8.6: Toggling an LED forever using Keep and Toggle ticks

Seven Segment Display

This example cycles through digits 0-9 on a common-cathode 7-segment display. It will start with

0 blinking at 2 Hz rate. If user press and hold the UBTN, the next number will blink.

Setup

* Connect segments A—G to DIO0-DIO6
* Use current-limiting resistors
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Pattern Code
Use a lookup table or define formats for each digit. Example for digit “0”:

1 Formats(myFrmt){

2 # CYCLE 0

3 # FORMAT

4 cycle_sel [ led_set, 1led_off];

5 LED_FRMT = [ oDDDD , oLLLL 1;

6 }

7

8 Signals(mySig){

9 A = dio(pin=0, map=x[0], format=LED_FRMT);

10 B = dio(pin=1, map=x[1], format=LED_FRMT);

11 C = dio(pin=2, map=x[2], format=LED_FRMT);

12 D = dio(pin=3, map=x[3], format=LED_FRMT);

13 E = dio(pin=4, map=x[4], format=LED_FRMT);

14 F = dio(pin=5, map=x[5], format=LED_FRMT);

15 G = dio(pin=6, map=x[6], format=LED_FRMT);

16 }

17

18 Pattern(myTest){

19 Qauto cycle=led_set, x=r0;

20 #

21 # GFEDCBA # +---- A ------ +

22 # 1111011 --> 0 # | |

23 # 1001000 --> 1 # B D

24 # 0111101 --> 2 # | |

25 # 1101101 --> 3 # +---- C ------ +

26 # 1001110 --> 4 # | |

27 # 1100111 --> 5 # E G

28 # 1110111 --> 6 # | |

29 # 1001001 --> 7 # +---- F ------ +

30 # 1111111 --> 8

31 # 1101111 --> 9

32 _0_ cycle=led_set, r0=0b1111011, call (DRAW_NUM); # Number O
33 _1_ cycle=led_set, r0=0b1001000, call (DRAW_NUM); # Number 1
34 _2_ cycle=led_set, r0=0b0111101, call (DRAW_NUM); # Number 2
35 _3_ cycle=led_set, r0=0b1101101, call (DRAW_NUM); # Number 3
36 _4_ cycle=led_set, r0=0b1001110, call (DRAW_NUM); # Number 4
37 _5_ cycle=led_set, r0=0b1100111, call (DRAW_NUM); # Number 5
38 _6_ cycle=led_set, r0=0b1110111, call (DRAW_NUM); # Number 6
39 _T_ cycle=led_set, r0=0b1001001, call (DRAW_NUM); # Number 7
40 _8_ cycle=led_set, r0=0b1111111, call (DRAW_NUM); # Number 8
41 _9_ cycle=led_set, r0=0b1101111, call (DRAW_NUM); # Number 9
42

43 cycle=led_off, service(pattern_stop(hw));

44

45 DRAW_NUM:

46 cycle = led_set , for (2500) ; # (4998+1+1) *2500%40e -9 --> 500.000 ms
47 cycle = led_set , repeat (4998) ;

48 cycle = led_set , endfor;

49 # Blink for 0.5s

50 cycle = led_off , for (2500) ; # (4998+1+1) *2500%40e -9 --> 500.000 ms
51 cycle led_off , repeat (4998) ;

52 cycle = led_off , endfor;

53 # Proceed to next number when user button is pressed

54 cycle = led_off, jmp(NUF, DRAW_NUM);

55 cycle = led_off, return;

56 }

Listing 8.7: Count up seven segment LED
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Detecting Stuck-at Faults

This example checks whether a pin is stuck at logic high or low. We use the programmable power
supply (PPS) in a FVMYV mode with low current mode.

Setup

* Connect DIO2 to the node under test
* Ensure the node is driven externally

Pattern

CUR_MODE = ’25uA’

VOL = 1

THRESHOLD = VOL/2

hw.configPPS(’FVMV’, CUR_MODE, ’BIP_6V’)

print ("Press UBTN to stop")

while (not hw.getUSERBUTTON()):
# Force high and check if it is high
hw.setPPSV (VOL)
hw.sleep(0.01)
meas_vol_h = hw.getPPS() [0]
# Force low and check if it is 1low
hw.setPPSV (0)
hw.sleep (0.01)
meas_vol_1 = hw.getPPS () [0]

diff = abs(meas_vol_h-meas_vol_1)

PASS = 1 if diff > THRESHOLD else O

if PASS: hw.setUSERLED (0, int (diff*255) ,0)
else: hw.setUSERLED (int ((1-diff) *255) ,0,0)

hw.setUSERLED(0,0,0) # Turn ULED off
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Expected Behavior

If DIO2 reads the same value repeatedly, the pattern jumps to ‘Fault® and calls a Python service to

report the issue.

Open Circuit Detection

This example verifies whether a pin is floating or disconnected.

Pattern

Pattern(open_test){

# TODO:

cycle=1low;

cycle=low;

cycle=1low;

cycle=low, service(stop_pattern(hw));

}

Expected Behavior
If DIO3 fails to follow the driven value, the pattern logs an open fault.

Short Detection Between Pins
This example checks for shorts between DIO4 and DIOS.

Pattern

Pattern(short_test){

# TODO:

cycle=1low;

cycle=low;

cycle=1low;

cycle=low, service(stop_pattern(hw));

}

Expected Behavior
If DIOS reads high while driven low, a short is detected and logged.

Using IOCounters

Python services can access per-pin counters to detect excessive toggling or inactivity. Check the

example in section 10.9.

Channel snoop

Snooping a channel

Oscilloscope

enabling oscilloscope-like features

def stop_pattern (hw):
return hw.STOP



0NN AW =

e el e et
NN R WD = OO

9.7

0NN AW =
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Formats(miniFrmts) {

cycle_sel = [ low 1;

OUT_LOW = [oLLLL];
}
Stgnals(miniSigs){

DIO_O = dio(pin=0, map=0, format=0UT_LOW );
}

Pattern(ADC_test){
@param SAMPLES=2048, PERIOD=250 # 40ns * 250 = 10usec --> 100KS/s
cycle=low, log(ADC), for (SAMPLES);
cycle=low, repeat(PERIOD-2);
cycle=low, endfor;
cycle=low, service(hw.plotall([’adc0’, ’adcl’]));
cycle=low, service(stop_pattern(hw));

Listing 9.1: Capturing a signal using ADCO and ADC1

Logic Analyzer

Here is a pattern for reading the UART signal without knowing the baud rate. The UART RX signal
is connected to DIO[5]. The pattern is set to log 4000 IO changes using the fail limit flag. On
pattern completion, the user can query the data using the database operation window, figure 9.1.
User can view the captured waveform using GTKwave, figure 9.2. For decoding the captured signal
using UART protocol, the user can view the generated VCD file using PulseView (figure 9.3) or
any other tool.

Formats(uart_frmt){

# CYCLE 0 1
# FORMAT
cycle_sel = [idle , rd 1;
RX_FRMT = [iHHHH, iZMZZ];

}

Signals(uart_sigs){
RX = dio(pin=5, map=x[0], format=RX_FRMT );
}

Pattern(uart_read){
Qauto cycle=idle, x=r0;
cycle=idle, r0=0;
cycle=idle, FLIMIT=4000;

MORE :
cycle=rd, iomask=0x20, log(CHANGE);
cycle=idle, call(NFLE, MORE);

cycle=idle, x=r0, y=r0, z=r0, rO=0xdead, service(pattern_stop(hw));

Listing 9.2: UART Signal
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—-Database Operations [:memory:]
+ Export Database
+ Import Database
- [10] wvart_read
[9] uwart_read
+- [8] uwart_read
[7] wart_read
L. Print I0Change... (4000 records)
Generate VCD file for IO Change data (_7_ uwart_read_IOChange.vcd)

uart_read

- uart_read

+ uart_read

+ uart_read

+ uart_read

+ uart_read

- uart_read

Figure 9.1: Database operations
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= Time
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Figure 9.2: Database operations
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Figure 9.3: Database operations
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Automated Test Sequence

This example runs a full test cycle using a batch script that loads patterns, logs results, and calls
services.

Batch Script

1 # Placeholder

Expected Behavior

Executes a power-on test, followed by a functional test, then logs and exports results.

Reusable Pattern with Parameters

This example uses a parameterized pattern to test multiple devices with different configurations.

Pattern
Batch Invocation

1 # Placeholder

Logging and Exporting Results

This example shows how to log data and export it to Excel for reporting.

Service Snippet

1 # Placeholder
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10.4 Pass/Fail Summary

This example generates a summary of test outcomes across multiple units.

Service Snippet

1 # Placeholder

10.5 PWM

# Define Formats
Formats(LOW_HIGH){
cycle_sel = [drv_1l, drv_h];
DRV_FRMT = [oLLLL, oHHHH];
}

# Define Signals

Signals(MySigs){

9 DIO_O = dio(pin=0, map=0, format=DRV_FRMT);
10 }

0NN AW =

12 # Define the Pattern
13 # Create a pattern to generate PWM
14 Pattern(pwM){

15 @param DUTY = 70, CYCLES=10;

16 cycle=drv_1, for (CYCLES)

17 # We need to drive high for DUTY cycle and low for 100-DUTY
18 RELOAD:

19 cycle=drv_h, rO = DUTY-1;

20 STAY_HERE:

21 cycle=drv_h, r0-=1, jmp(NZ1, STAY_HERE);

22 cycle=drv_1l, repeat ((100-DUTY)-1);

23 cycle=drv_1, endfor; # loop to the next cycle
24

25 # Keep looping until user press UBTN

26 cycle=drv_1l, jmp(NUF, RELOAD);

27 cycle=drv_1, service(pattern_stop(hw));

28 }

Listing 10.1: PWM

10.6 SPI Master Controller

10.7 SPI Slave Device

10.8 I°C Master Controller

10.9 Duty Cycle measurement

1 def printDutyCycle (hw):

2 print ("Duty Cycle: %%%.01f"%(hw.runQuery("select Counter from IOCounters where
I0=0") [-11[0]1*100/0xffff))

3 return hw.CONTINUE

1 Formats(MyFormats){

2 # CYCLE 0 1

3 # FORMAT

4 cycle_sel = [zero , cntr 13

5 RD_FRMT = [iLLLL, iZZLZ];

6 DRV_FRMT = [oLLLL, oDDDD 1];

7}

8

9 Signals(MySignals){
10 # To be used with GeneralFormats
11 DIO_O = dio(pin=0, map=x[0], format=RD_FRMT );
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DIO_4 = dio(pin=4, map=yl[0], format=DRV_FRMT ); # Used for testing
DIO_5 = dio(pin=5, map=yl[1], format=DRV_FRMT ); # Used for testing
DIO_6 = dio(pin=6, map=yl[2], format=DRV_FRMT ); # Used for testing
DIO_7 = dio(pin=7, map=yl[3], format=DRV_FRMT ); # Used for testing

}

Pattern(DutyCycle){
Qauto cycle=zero, x=r0, y=ril;
DO_AGAIN:
cycle=zero, r1=0x0f, clr (FCNTR);
cycle=cntr, ri=r1>>>1, for (Oxffff);
cycle=cntr, iomask=0x1; # Read for O0;
cycle=cntr, endfor;
cycle=cntr, log(FCNTRL); # Number of fails means how many ones were read
cycle=zero, service(printDutyCycle (hw));
cycle=zero, jmp(NUF, DO_AGAIN); # Press UBTN to stop
cycle=zero, service(pattern_stop (hw));

Listing 10.2: Arbitrary Waveform Generator using User Memory

Console

EXECUTINg Service »> printUutylycle(hw)
Duty Cycle: %78.86

Executing service »» printDutyCycle(hw)
Duty Cycle: %@.8

Executing service »» printDutyCycle(hw)
Duty Cycle: %78.2

Executing service »>> printDutyCycle(hw)
Duty Cycle: %3.8

Executing service »»> printDutyCycle(hw)
Duty Cycle: ¥13.1

Executing service »>»> pattern_stop(hw)
Pattern Done: CRC= @838cchd Instrlounter= 585435256 curPC= 7, nextPC= 7

The pattern has been successfully stopped

Figure 10.1: Output showing the Duty Cycle printed by the printDutyCycle service.

Frequency counter
Analog waveform generator

def sinewave (hw, SAMPLES=1024):
from math import sin
# We scale the data so that it’s O to 10000 which can set the DAC to OV to 10V
for addr, val in enumerate( [(sin(i * 2 * 3.14/SAMPLES)+1)*5000 for i in range
(SAMPLES)] ):
hw.setUSERMEM (addr, int(val))
return hw.CONTINUE

def sawtooth(hw, SAMPLES=1024):
# We scale the data so that is it 0 to 10,000 which can set the DAC to OV to 10
)
for addr, val in enumerate( [ (i/SAMPLES)*10000 for i in range (SAMPLES)] ):
hw.setUSERMEM (addr, int(val))
return hw.CONTINUE

def squarewave (hw, SAMPLES=1024):
# We scale the data so that is it 0 to 10,000 which can set the DAC to OV to 10
v
for addr, val in enumerate( [ ((i&16)>>4)*10000 for i in range (SAMPLES)] ):
hw.setUSERMEM (addr, int(val))
return hw.CONTINUE
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1 # Define Formats

2 Formats(miniFrmts){

3 # CYCLE 0

4 # FORMAT

5 cycle_sel = [ zero ];

6 OUT_LOW = [oLLLL];

7

8

9 # Define Signals

10 Signals(miniSigs){

11 DIO_O = dio(pin=0, map=0, format=0UT_LOW );

12}

13

14 # A pattern to generate arbitrary waveforms using user memory and DAC.

15 Pattern(waveform)q{

16 @param TIMES=1024, DELAY=250, MASK=0x1ff;

17 # Lets give the data a name

18 cycle = zero, service(hw.setGroupName ("SINEWAVE"))

19 # we need to fill the user memory with some arbitrary data

20 cycle = zero, service (sinewave(hw, 512));

21 cycle = zero, r0=0, call (SETDACO);

22 #cycle = zero, jmp(END);

23

24 cycle = zero, service(hw.setGroupName ("SAWTOOTH"))

25 # we need to fill the user memory with some arbitrary data

26 cycle = zero, service (sawtooth(hw, 512));

27 cycle = zero, r0=0, call (SETDACO);

28

29 cycle = zero, service(hw.setGroupName ("SQUAREWAVE"))

30 # we need to fill the user memory with some arbitrary data

31 cycle = zero, service (squarewave(hw, 512));

32 cycle = zero, r0=0, call(SETDACO);

33

34 END:

35 cycle = zero, rl1=0;

36 cycle=zero, dacO=rl, service(pattern_stop(hw));

37

38 # Lets capture it by ADC1

39 SETDACO:

40 cycle=zero, rl = mem[r0], for(TIMES);

41 cycle=zero, dacO=ril;

42 cycle=zero, repeat (DELAY-4);

43 cycle=zero, r0O=r0+1, log(ADC);

44 cycle=zero, rO=rO&MASK, endfor; # We make sure r0 goes from O to 1023 and
wrapps around

45 cycle=zero, return;

46

47 '}

Listing 10.3: Arbitrary Waveform Generator using User Memory

10.12 Melody generator
10.13 NPN Transistor Characterization

# BC546: BJT NPN
Rb=10000 # 10K Ohm at Base
VBE=0.750

# Calls to sweep & measure currents/voltages
def setIB(cur_ul):
hw.setDACO( cur_uA * Rb * le-6 + VBE)

0NN AW~

=)

setVCC=hw.setPPSV

10 getVCE=hw.getADCO

11 def getIC(): return hw.getPPS () [0]

12

13 # Configure the PPS for Force Voltage Measure Current
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T A Double click any d rtaion y p = m] x |

= Database Operations [:memory:]

Export Database

- Import Database
! £ [0] waveform
i i [SINEWAVE]: Plot Analog Data (Custom X and Y, 4696 records)
[SAWTOOTH]: Plot Analog Data (Custom X and ¥, 4096 records)
[SQUAREWAVE]: Plot Amalog Data (Custom X and Y, 4096 records)

i Plot Analog Data (Custom X and ¥) (All Groups, 12288 records)
W Please select Xand Y [multiple ¥'s are acceptable) — O X

Select X-axis: ‘ Instrintr v|

Bl adce [[0] waveform STNEWAVE]
1 adcl [[@] waveform.SINEWAVE]
I ppsmv [[@] waveform.SINEWAVE]
dacimi [[8] waveform.SINEWAVE

adel [[@] waveform.SAWTOOTH]
ppsmv [[@] waveform.SAWTOOTH]
daclmi [[8] waveform.SAWTOOTH

adcl [[@] waveform.SQUAREWAVE]
ppsmv [[@] waveform.SQUAREWAVE]
daclmi [[8] waveform.SQUAREWAVE]

Plot

1 B Auto-close Refresh

i

Figure 10.2: Using database operations to plot the DACO output captured by ADCO

hw.configPPS (opmode="FVMI", cur_range="500mA", volt_range="UNI_P10V")

# to plot you need to provide data in this format
# data=[["VCE", "IB=50uA"], [0,0], [1, 123] ... ]
# You can overlay curves

#1- Set IB --> 50uA, 100uA ...400uA in 50ul steps
for IB in range (50, 401, 50):

setVCC (0)

setIB(IB)

data=[["VCE", f"IB={IB}uA"]]

#2- Sweep VCE and measure Ic (0....10V)

for vcc in range(11):
setVCC (vcc)
data.append ([getVCE(), getIC()])
hw.plot (data, title="VCE vs IC for NPN Transistor", win=1, ylabell="IC (mA)")

# Put supplies in safe state
hw.setPPSV (0)

hw.setVCC (0)
hw.setDACO (0)

MOSFET Transistor Characterization
Flash programmer
EEPROM reader
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adc0 [[0] waveform.SINEWAVE]
adc0 [[0] waveform.SAWTOOTH]
adc0 [[0] waveform.SQUAREWAYE]

Plot Analog Data (Custom X and Y) (All Groups, 12288 records)
i n

s
o
)
g
3
>

Sample

Figure 10.3: Plotting the ADCO data groups.

VCE vs IC for NPN Transistor

Figure 10.4: Plotting the NPN Transistor IV curves.
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11.1 Connection Issues

If LTStudio fails to connect to LT16M:
* Verify USB-C cable and port (use USB 2.0 if possible)
* Confirm power is on (status LED should be red or green)
* Check Device Manager for correct drivers:
— Interface 1: 1ibusb-win32
— Interface 0: USB Serial Converter A
* Reinstall drivers using Zadig if needed
* Restart LTStudio and reconnect

11.2 Pattern Execution Failures

Common causes:
» Syntax errors in pattern code
» Missing signal or format definitions
* Invalid register usage or branching
» Unreachable service calls

Tips
» Use LTStudio’s compiler messages to locate errors
* Test patterns incrementally
* Validate signal mappings before execution
* Verify with known patterns

11.3 Signal Integrity

To improve digital signal quality:
¢ Use short, shielded cables
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83

* Avoid floating inputs — always drive or pull
* Match voltage levels using jumper settings
» Use series resistors for LEDs and displays

11.4 Performance Optimization

* Minimize WAIT instructions for faster execution
 Call services to offload pending data

» Limit service calls inside tight loops

* Preload reusable patterns and services

11.5 Best Practices

* Modularize patterns and services

» Use descriptive names and comments

* Validate hardware connections before execution
» Keep firmware and LTStudio updated



12.1 Object Types

* Format — Defines timing and signal behavior

* Signal — Maps logical bits to physical pins

Pattern — Sequence of instructions executed on LT16M
Service — Python function executed on host PC

Batch — Python script automating multiple objects

12.2 Formats Syntax

Formats Object Syntax:

FormatsObj := Formats(<validName>){<format_header>; <formatSel_def; ...>}
validName := [a-zA-Z_][a-zA-Z0-9_]*

list(<items>) := [<item0O>, <iteml>, ...]

format_header := cycle_sel=list(<validNames>);

formatSel_def := validName=list(<cycle_formats>);

cycle_format := <dir><tick><tick><tick><tick>

dir := [io]

tick := [LHDVKTMZ]

Reserved Keywords:
Formats cycle_sel

12.3 Signals Syntax

Signals Object Syntax:

SignalsObj := Signals(<validName>){<[PinAssignment], ...>}
validName := [a-zA-Z_][a-zA-Z0-9_]*
PinAssignment := PinLabel=pinType(pin=<PinNum>, map=<DataSource>, format=<FormatSel>) ;
PinLabel := validName
:= Must be a valid variable name, e.g., SEL, CS1, WR_EN, _PIN1.

pinType [dio]
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PinNum := [0-9]1
= Option
DataSource = [01] Ix
:= Option
FormatSel := validN

[1[0-5]1]

s for LT16M are O to 15.

[0-9] I1x[1[0-5]] |y[0-9] |y [1[0-5]]1z[0-9]|z[1[0-5]]

s are 0, 1, x[0], ...x[15], y[0l, ...y[15]1, z[0], ...z[15].
ame (Options are dependent on the current Format)

Pattern Syntax

Pattern Object:

pattern 85
compilerInstruction :=

Instruction =

validName :=
rx =
imm_16 =
Label =
cycle_ulnstr i=
ALU1_ulnstr =

XYZ_ulnstr =
iomask_uInstr =
cntrl_ulnstr :=
log_ulnstr 1=
do_uInstr :=
branch_ulnstr i=

Pattern(<patternName>){[compilerInstruction] [Instruction]...}

Qusing <symbolName>;

@auto cycle_ulnstr<,ulnstr>;

@param <parameterName>=<ParameterValue>, ...;

[(Label)cycle_ulnstr[<,ALU1_ulnstr><,ALU2_ulnstr><,XYZ_ulnstr>
<,iomask_ulnstr><,cntrl_ulnstr><,log_ulnstr>
<,do_uInstr><,branch_ulnstr>];

[a-zA-Z_] [a-zA-Z0-9_]*

r0, rl1 ... ri1b

16-bit integer number

<validName>:

cycle=<validName>

NOP |REG_OP_REG|REG_OP_IMM|REG_ASSIGN |RAND_OP |MEM_RD |MEM_WRT |

AUXREG_ASSIGN|DAC_ASSIGN

(xlylz)=rx

iomask=imm_16b

clr ([PF|TO|T1|FCNTR])

log([FAIL|INFO|FCNTRL|FCNTRH|CHANGE|ADC])

do=imm_4b

[<null>| jmpCallOp|cond_jmpCallOp|forRepeatOp|serviceOp|endfor_returnOp]

Cycle Syntax

Cycle Micro-Instruction:
cycle_ulnstr := cycle=
cycleName := Valid

<cycleName>
cycle name defined in selected Format object (in cycle_sel list).

ALU Syntax

ALU1/2 Micro-Instruction:

rx
imm 8
imm_32b i=
math_expr 1=
ALU1_ulnstr|ALU2_ulnstr

NOP i=
REG_OP_REG o=

REG_OP_IMM 8=

=r0, r1 ... ri1b
= 16-bit integer number

32-bit integer number

combination of numbers and math operation (Python style)

:= NOP|REG_OP_REG|REG_OP_IMM|REG_ASSIGN |RAND_OP|MEM_RD |MEM_WRT|
AUXREG_ASSIGN|DAC_ASSIGN

<null>

rX=rx+rx

rX=rx-rx

rx=rx|rx

rX=rx&rx

IrX=rx"rx

TX=rx>rx

rx=rx<rx

TX=rX*rx

TX=rX**rx

rX=rx>>>rx

rx=rx<<<rx

rx=rx+imm

rx=rx-imm

rx=rx|imm

rx=rx&imm

rx=rx”imm

rx=rx>>imm

rx=rx<<imm
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rx=rx*imm
rx=rx**imm
rx=rx>>>imm
rx=rx<<<imm

REG_ASSIGN := rx=(rx|imm|math_expr|io)

RAND_OP := rx=rand(rx)

MEM_RD 1= rx=mem[rx|imm|math_expr]

MEM_WRT := mem[rx|imm|math_expr]=rx
mem [rx]=imm

AUXREG_ASSIGN := [TO|T1|SEED|FLIMIT]=imm_32b

DAC_ASSIGN := [DACO|DAC1]=rx

Output Assignment Syntax

X/Y/Z Micro-Instruction:

X_ulnstr = X=rX
Y_ulnstr 1= y=rx
Z_ulnstr 1= Z=rXx

Control Syntax

Control Micro-Instruction:

cntrl_ulnstr := clr([PF|TO|T1|FCNTR])

10 Mask Syntax

I0 Mask Micro-Instruction:

imm_16b = 16 bit integer
iomask_ulnstr := iomask=imm_16b
Log Syntax

Log Micro-Instruction:

log_ulnstr := log([FAIL|CHANGE|INFO|FCNTRL|FCNTRH|ADC])

Drive-only Syntax

Drive-Only Micro-Instruction:

imm_4b := 4 bit integer
do_ulnstr do=imm_4b

Branch Syntax

Branch Micro-Instruction:

branch_ulnstr := [<null>|jmpCallOp]|cond_jmpCallOp|forRepeatOp|serviceOp|endfor_returnOp]
conditionFlag := [NUF | UF | NT1 | Tt | NTO | TO | NFLE | FLE | NPF | PF | NF | F | Nz1 | Z1]
jmpCallOp := [jmplcall] (<label>)

cond_jmpCallOp := [jmplcall] (<conditionFlag>, <label>)

forRepeatOp := [for|repeat] ([imm|rx])

serviceOp := service(<serviceFuncName>)

endfor_returnOp:= [endfor|return]

Compiler Instructions Syntax

Pattern Object:

pattern Pattern(<patternName>){[compilerInstruction] [Instruction]...}
compilerInstruction := Qusing <symbolName>;

Q@auto cycle_ulnstr<,ulnstr>;

@param <parameterName>=<ParameterValue>, ...;
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12.5 Database Tables

* Records — Raw signal logs

* Groups — Logical test segments

* GroupsInfo — Metadata for each group
* Info — Metadata for each group

* AnalogData — ADC samples

* I0Counters — Pin-level toggle counters
* I0Fails — Fault detection logs

* I0Change — Fault detection logs

12.5.1 Records Table
Sample Records Table:
# didx | Type
# 1 Groups
# 2 Groups
# 3 Info
# 4 I0Fails
# b I0Fails
# 7 I0Fails
# 10 Info
# 161 I0Counters
# 162 I0Counters
# 163 I0Counters
# 164 I0Counters
# 170  Groups
# 171 Groups
# 176  AnalogData
# 177  AnalogData
# 181 Groups
# 185 1Info
# 192  AnalogData
# 194  AnalogData
# 195  AnalogData
# 200 Groups
# 201 IOChange
# 202 IOChange
# 203 I0Change
# 204 I0Change

12.5.2 Groups Table

Sample Groups Table:

# idx | Name | Level | Recorded_at

# 1 [1] faillog 1 1622547800.0

# 2 VI_Trendline 2 1622557800.0

# 160 [2] pps_test 1 1622657800.0

# 161 HighVolt_plot 2 1622557900.0

# 175 LowVolt_plot 2 1622857800.0

# 181 LowVolt_plot 2 1622857800.0

# 200 [2] vcd_test 1 1622957800.0
12.5.3 Groupsinfo Table

Sample GroupsInfo Table:

#  idx | Formats | Siganls | Params | PinLabels

# 1 GeneralFormats GeneralSignals {REPEAT=1000} CS_,SCLK,MOSI ,MISO0,,,,55555555

# 200 DefaultFormats GeneralSignals RST_N,SCL,SDA,SELO,SEL1,,,,,,5555»
12.5.4 InfoView Table

Sample InfoView Table:

#idx | X | Y | Z | curPC | mnextPC |InstrCntr | GroupName

# 3 12 20 61 60 61 101923 [1] faillog.VI_Trendline
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# 10 2 12 50 100 101 102010 [1] faillog.VI_Trendline
# 185 15 0 7 2 7 30 [2] pps_test.LowVolt_plot
12.5.5 AnalogDataView Table
Sample AnalogDataView Table:
#  idx | Type |  Value | Unit | curPC | InstrCntr | GroupName
# 165 adcl 12.6 v 12 120342 [2] pps_test.HighVolt_plot
# 167 adcO 12e-3 A\ 12 212423 [2] pps_test.HighVolt_plot
# 186 dacimi 0.3 mA 12 212515 [2] pps_test.LowVolt_plot
# 187 ppsmi 1.232 mA 12 212513 [2] pps_test.LowVolt_plot
# 189 ppsmv 5.0 v 12 212514 [2] pps_test.LowVolt_plot
12.5.6 10CountersView Table
Sample IOCountersView Table:
#  idx | I0 | Counter | GroupName
# 163 0 102 [2] pps_test.HighVolt_plot
# 164 1 654 [2] pps_test.HighVolt_plot
# 176 2 100 [2] pps_test.LowVolt_plot
# 177 3 7 [2] pps_test.LowVolt_plot
12.5.7 1OFailsView Table
Sample IOFailsView Table:
# idx | X | Y Z | Tick | I0 | GroupName
# 4 12 20 60 3 7 [1] faillog.VI_Trendline
# 5 12 20 61 0 7 [1] faillog.VI_Trendline
# 7 15 0 7 1 1 [1] faillog.VI_Trendline
# 204 12 20 60 3 7 [2] vcd_test
# 205 12 20 61 0 7 [2] vcd_test
# 207 15 0 7 1 1 [2] vcd_test
12.5.8 10ChangeView Table
Sample IOChangeView Table:
#  idx | InstrCntr | IO | GroupName
# 201 10001 127 [2] vcd_test
# 202 10102 60 [2] vcd_test
# 203 10134 12 [2] vcd_test
# 204 10207 54 [2] vcd_test
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s and Defi

Descriptions and Definitions

ADC - Analog-to-digital converter

ATPG - Algorithmic Test Pattern Generator
DAC - Digital-to-analog converter

DIO - Digital input/output pin

DO - Digital Drive-only pin

LT16M - LogicTerm Mixed-signal 16-pin box
LT16D - LogicTerm analog carrier board
LT16A — LogicTerm digital base board

PPS — Programmable power supply

UBTN - User button

ULED - User RGB LED

13.2 Glossary

» Pattern — A sequence of instructions executed on LT16M
* Format — Defines signal behavior per cycle

* Signal — Maps logical bits to physical pins

* Service — Python function executed on host PC

Batch — Python script that automates multiple objects

log — Micro-instruction to capture data



ALU Operations
AnalogDataView Table

Batch examples
Batch Scripts

Formats Object
Formats Syntax
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GroupsInfoTable ....................... 63
hw.configPPS........ .. ... ... ... 51
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14.1 Version History

* v1.0 — Initial release with core features

* v1.1 — Added PPS current clamping and ADC enhancements
* v1.2 — Improved LTStudio UI and batch scripting support

¢ v1.3 — Peer review and document consolidation
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