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ABSTRACT

Infrared scene projectors (IRSPs) are critical laboratory tools for setup, cali-

bration, and testing of infrared imaging systems. Projectors are progressing to handle

higher resolution, faster frame rates, and improvement in thermal performance. In

recent years, the progress for the development of IRSP systems has reached a point

to be able to accommodate larger hybrids. By adding more Infrared Light Emitting

Diodes (IRLEDs) to the hybrid array, this created the beginning of implementing the

next stage in improving the hardware architecture in the rest of the IRSP system,

creating the necessity to increase the amount of signal channels that are routed to

the cryogenic packaging from the Close Support Electronics(CSE). The current cryo-

genic package being used is a pour-�lled Dewar that currently houses the IRLED array

and the 
ip-chip bonded Complimentary-Metal-Oxide-Semiconductor (CMOS) Read-

In-Integrated-Circuit (RIIC). This thesis will describe a modular hardware architecture

design that will let the hardware develop with the �rmware and explain mechanical

adaptations to allow the continued use of the current pour-�lled Dewar. While also

describing the current High-De�nition Light Emitting Diode (HDILED) IRSP System

and its components.

ix



Chapter 1

INTRODUCTION

1.1 Motivation

At the University of Delaware, the Complementary metal-oxide-semiconductor

(CMOS) VLSI Optimization Research Group (CVORG) was founded by Dr. Fouad

Kiamilev. In 2014, CVORG and the University of Iowas research group led by Dr.

Thomas Boggess produced the �rst Infrared Light Emitting Diodes (IRLED) scene

projector through SLEDs technology[2]. Since the �rst generation 64 x 64 Scene pro-

jector system, there have been di�erent versions of SLEDs projectors that have been

developed, such as 512 x 512, the Two Color SLED Array (TCSA), Night Glow Short

Wave Infrared LED (NSLED), and the most recent development- High De�nition In-

frared LED (HDILED). This thesis highlights the new approach to solving the issue

of hardware scalability in SLEDs IRSP systems, di�erent projector multiple Custom

Support Electronic (CSE) set ups, and compatibility of current cryogenic packages with

higher formatted SLEDs systems.

1.2 Background

In the Electromagnetic (EM) �eld, EM waves are energy that propagates though

mediums and free space, emitting EM radiation. The range in frequencies can be di-

vided into di�erent regions; the Infrared (IR) region, which is at a 700nm to 1mm

wavelength, and 300Ghz to 430Thz frequency. Infrared radiation also known as ther-

mal radiation is emitted(syn.) by all matter that has a temperature greater then

absolute zero. IR radiation is used in many di�erent applications; such as astronom-

ical, industrial, military, weather, medical, etc. Many various types of detectors and

sensors have been developed to interpret/analysis IR data. IRSP Systems are critical
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laboratory tools used to setup, test, and calibrate IR imaging systems. These projec-

tors display radiometric video scenery in the IR spectrum. Infrared Light Emitting

Diodes (IRLEDs) are a progressive emitter technology that is used for building IRSP

systems. The most commonly available IRSP available on the market takes advantage

of Micro-Electro-Mechanical Systems (MEMS) technology. However, this technology

has limitations such as, operating at low frequency rates, having issue with emulating

a non-black body spectrum, and issues with separating apparent temperatures from

actual thermal temperatures[11]. To resolve the majority of these limitations, a system

was developed called super-lattice light emitting diodes (SLEDs). SLEDs technology is

able to perform at much higher temperatures while not damaging the system[2]. This

allows the system to run at faster frame rates, provide higher resolutions, and improved

thermal performance. The most recently assembled IRLED array has a resolution of

2048 x 2048, operates in the spectrum known as the mid-wave IR (MWIR) wavelength,

and a 24-micron pixel pitch. This array is apart of the High-De�nition Infrared Light

Emitting Diodes (HDILEDs) scene projector system[8].

2



Chapter 2

BASE IRSP FRAMEWORK

The SLEDs Projector System has a multitudinous amount of components that

are used in many subsystems in order to produce simulations on the IRLED array.

In order to provide the reader a better understanding of how the system works, this

chapter will be divided up into sections. One section will incorporate details on the

individual components. While the other will explain the subsystems of the framework

and the components that are used in those systems.

Figure 2.1: Typical IRSP system framework.

2.1 Individual Components in System

2.1.1 Pixel Overview

An individual SLED's pixel incorporates two 10V CMOS pass transistors that

are responsible for transferring an analog input to the corresponding drive transistors.

The pass transistor is connected in parallel to both N type and P type metal oxide �eld

e�ect transistors (MOSFETs). Shown in Figure 2.2 below is a schematic of a single

Read In Integrate Circuit Pixel. The job of the circuit is to let the 
ow of high and

low voltages to pass through the circuit; with the N type passing the low voltages and

the P type passing the high voltages[2].

3



Figure 2.2: Schematic of a single TCSA RIIC SLEDs pixel[13].

2.1.2 Read in Integrated Circuit(RIIC)

Read-in Integrated Circuit(RIIC) is typically a CMOS ASIC that holds the

circuitry used to drive and address the emitters with continuous current. Over the

years their has been numerous RIIC designs such as 512x512 and TCSA, this document

will only discuss the current HDILEDs RIIC. HDILED is a single color, 2048 x 2048

RIIC that has a die size of around 7cm x 7cm. The range that the current array emits

at is medium wavelength infrared (MWIR). The �nal step is to solidify the electrical

connection by hybridizing the RIIC to a GaSb SLED emitter array[8]. Displayed below

in Figure 2.3 is an image of a 8" wafer that holds four HDILED RIICs in it.

2.1.3 Infrared Camera

The system utilizes a Forward-Looking IR(FLIR) SC8200 model camera. This

model is a high speed MWIR megapixel science-grade IR camera that produces ultra

sharp thermal images. It operates with a waveband range of 3.0-5.0 um with a resolu-

tion of 1024x1024; connect by a Ethernet and camera link. Controlled though a USB

4



Figure 2.3: Picture of 8" wafer with 4 HDILED RIIC's[8].

and RS-232 cable[6]. However, this models software is limited to only being able to

capture one frame image at a time; which is the case for most IR cameras. To simulate

video multiple images are stitched together to get a video with the needed frame rate;

a capture card is used to capture the video. In Figure 2.4, is the FLIR Camera secured

to an optical table directed at the dewar window.

Figure 2.4: Picture of the FLIR SC8200 Camera directed at the dewar window[11].

2.1.4 Non-uniformity Correction PC

In the development of IRSP systems, IRLED array technology has the potential

to replace resistor array technology. IRLED arrays provide their own set of challenges,

such as complex time dependencies due to thermal characteristics, unfavorable pixel
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temperatures, high chance of cross-talk, and high pixel non-uniformity. The Non-

uniformity Correction PC system is dedicated to correct the non-uniformity amongst

the pixels; so that the desired test image sent as displayed correctly, while also per-

forming gamma correction for the non-linear LEDs on the array. In the SLEDs system

there are two techniques used to perform the correction. One of them is called the

Average Pixel Linerization (APL) and Non-Uniformity Correction (NUC) software.

These techniques determine the operability and correct for any di�erences that might

occur on the array[4].

The components inside of the PC are:

� Quadro Sync Card for syncing.

� Cameralink capture cards for capturing the array to get the IR information and
how the system makes images and videos.

� 2 DVI/HDMI inputs to the capture cards which are for getting loop back video
from the CSE.

� NVidia M4000/K5000 GPU's.

2.1.5 Close Support Electronics(CSE)

The CSE houses many components inside which will be discussed in later sec-

tions and is required to run a IRSP system. The main responsibility of the CSE is

to provide data, power, and control signals to the hybrid in order to drive the IR ar-

ray. This unit holds the hardware and �rmware required to pre-process input imagery

before it is displayed on an IRLED array.

2.1.5.1 Field Programmable Gate Array(FPGA)

Inside of the CSE, The signal is processed by a TB-6V-LX760-LSI Field Pro-

grammable Gate Array. This Super FPGA board is designed by Inrevium; it consist

of Virtrex 6 family FPGA XC6VLX760-2FFG1760 Device. A 16 layer board with the

dimensions of 369mm x 225mm; made of FR-4 material. This device has 10 low pin

6



Figure 2.5: Picture of Close Support Electronics[8]

count FMC connectors, giving the ability to utilize two color systems while also using

32 channels from those connectors to dispatch data to the array[7].

Figure 2.6: Picture of the TB-6V-LX760-LSI Field Programmable Gate Array(FPGA)
Board[7].

2.1.5.2 FMCL-ZYNQ (HDMI Board)

Connected to the Super FPGA board is 2 x Custom FMCL-ZYNQ Rev 3 HDMI

custom cards. Shown below in Figure 2.7, is a picture of the HDMI boards. These

boards use a Xilinx ZYNQ XC 7000 series dual-core ARM Cortex-A9 MPCore with

CoreSight processor, while also having 36kb Block RAM(BRAM) and 256kb on-chip

RAM[14].
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