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ESD Precaution                       Proper ESD precautions should be employed when handling the 
EPC7C023/024 Eval/Demo Board to prevent damage to the components 
installed on the board. 

Introduction 

This document describes the recommended connection of the EPC7C023/024 (EPC7019G or EPC7014B 
pass element, respectively) to power supplies and monitoring instruments for proper operation for the 
evaluation of these HEMTs utilized as the pass elements of a linear regulator. The analog control IC used 
is the TI TL1431 (reference designation U1). 

This document also provides the regulation performance for both line and load regulation performance, 
the transient performance for load current deviations, the schematic of the evaluation board, the Bill of 
Materials (BOM) and the layout of the board in the form of layer-by-layer Gerber rendering of the 
evaluation printed circuit board. 

Demo/Evaluation PCB Photograph 

Figure 1a shows the top view of the EPC7C023/024 Eval/Demo Board. Figure 1b shows the bottom view 
of the Demo Board. These pictures illustrate the component placements, power and input signal 
connections and the numerous test points available for monitoring by the end-user: 

 

 

Figure 1a. EPC7C023/024 Eval/Demo Board (Top View Showing Q1 Installed). 
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Figure 1b. EPC7C023/024 Eval/Demo Board (Bottom View Showing Q2 Installed). 

 

Evaluation Board Functional Schematic 

The EPC7C023/024 evaluation board functional schematic is shown in Figure 2: 

 

 

Figure 2. EPC7C023/024 Functional Schematic. 
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Evaluation Board Schematic 

The EPC7C023/024 evaluation board detailed schematic is shown in Figure 3: 

 

Figure 3. EPC7C023/024 Schematic. 

Evaluation Board Implementation 

The EPC7C023/024 Eval/Demo Board was designed to showcase the performance of the EPC7019G 
(EPC7C023) or EPC7014UB (EPC7C024) HEMTs when these devices are connected as the pass elements in 
a linear regulator configuration. This evaluation board is configured as a high current regulator (up to 
5Adc/7C023/Q1) or a low current regulator (up to 0.5A/7C024/Q2) – either HEMT Q1 or Q2 will be 
included on the board, but not both transistors. The high-current pass transistor, Q1, is located on the 
top side of the board and the low-current pass transistor, Q2, is located on the bottom side. 

There was no attempt made to optimize the performance of each variant of the regulator (high/low 
current). The eval boards are populated with biasing and compensation components to capture typical 
performance data during in-house electrical testing. Because of the many applications possible, the end-
user is encouraged to frequency compensate the control loop of the regulator, which uses the TI TL1431 
regulator IC as the feedback element, to their specific system requirements. 

An output current sense resistor, RS1, is provisioned on the board with two uncommitted Kelvin 
connections (CS+ and CS-) to facilitate easier integration into end-user test-bench set-ups that require 
current limiting. 

To provide for improved thermal performance of the high-current (and thus higher power) pass transistor 
Q1, four thermal “helper” elements TH1-TH4 are provided on the bottom side of the board. These 
elements are Vishay ThermaWick SMT thermal jumpers in EIA 0612 packages. 
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Component Values vs Evaluation Board Identity 

The evaluation boards as-shipped have the following critical component values placed in the various 
reference designations shown in Figure 3, as shown in Tables I and II: 

Table I. EPC7C023 Linear Regulator Evaluation Board Simplified BOM. 

Eval. Board Ref. Des. Component 
Description Value 

EPC7C023 

C1,C2 Input 
Capacitors 10uF 

Q1 
Pass Element 

EPC7019G 
Q2 NOPOP 
R4 Frequency 

Compensation 
1.50K 

C3 1500pF 
R1 

Jumper 
NOPOP 

R2 0R0Ω 
R5,R6 Output Set 10KΩ 

C5,C6 Output 
Capacitors 20uF 

C9 Pass Element 
Equalization NOPOP 

 

Table II. EPC7C024 Linear Regulator Evaluation Board Simplified BOM. 

Eval. Board Ref. Des. Component 
Description Value 

EPC7C024 

C1,C2 Input 
Capacitors 22uF 

Q1 
Pass Element 

NOPOP 
Q2 EPC7014UA  
R4 Frequency 

Compensation 
4.02K 

C3 390pF 
R1 

Jumper 
NOPOP 

R2 0R0Ω 
R5,R6 Output Set 10KΩ 

C5,C6 Output 
Capacitors 2.2uF 

C9 Pass Element 
Equalization 1000pF 
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Regulator Configuration 

There are two possible configurations for the demo/eval board the board: standard linear regulator or 
low-dropout (LDO) linear regulator. 

The standard regulator configuration is enabled by populating resistor R1 with a zero Ohm (0R0) jumper 
and depopulating (NOPOP) resistor R2. The input power supply is provided to the Vin terminals. The 
VBIAS terminals are unused. In this configuration VIN must be at least 3.5V greater than the output 
voltage, VOUT, to maintain regulation (although the following test results use lower values). 

The LDO regulator configuration is the as-shipped configuration. It is enabled by depopulating (NOPOP) 
resistor R1 and populating resistor R2 with a zero Ohm (0R0) jumper. The input power supply is provided 
to the VIN terminals. The VBIAS terminals are used, and in this configuration VBIAS must be at least 3.5V 
greater than the output voltage, VOUT, to maintain regulation. 

Regulation Loop Frequency Compensation 

The regulation loop frequency compensation is performed by R4 and C3. This application note is not 
intended to be a primer on compensating the control loop of a linear voltage regulator. This regulator 
configuration is comprised of three stages that determine the loop frequency response: the LM1431 
regulator/amplifier, the voltage divider that sets the output voltage and the pass transistor/output 
capacitors/load. However, if the end-user is inclined to determine the frequency response of the loop 
and then optimize the transient response, the following information should help the designer in that 
effort. 

The voltage gain versus frequency of the LT1431 is found in its data sheet, as shown in Figure 4: 

 

 

Figure 4. TL1431 (U1) Voltage Gain vs. Frequency. 
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With regards to accurately simulating the regulator circuit, many of the SPICE models available for the 
TL1431 on the internet yield disappointing results in reproducing the performance of the IC. The 
following model is an accurate representation of the TL1431, particularly with regards to the gain/phase 
performance of the IC, particularly in LTSPICE: 

.SUBCKT TL1431 CAT ANO REF 
D1 REF CAT Dc 
G1 ANO N003 REF N001 1 
D2 N001 REF Dc 
R1 REF ANO 1Meg 
C1 N003 ANO 1n Rpar=1k 
R2 N002 N003 700k 
D3 ANO N002 Di 
G2 CAT N001 N002 ANO 90m 
D4 ANO N001 2V5 
C2 CAT N002 40p 
D5 ANO CAT Dc 
.model Di D(Ron=10m) 
.model Dc D(Ron=7 Vfwd=0.6 Vrev=36V) 
.model 2V5 D(Ron=0.13 Vfwd=0.6 Vrev=2.5V Roff=7k) 
.ENDS TL1431 

 
The gain of the resistive voltage divider, AVD, comprised of RO1 and RO2, as identified in Figure 2, is: 
 

AVD = RO2 / (RO1 + RO2) 
 
 For equal valued resistors as utilized on the eval/demo boards, the gain in dB is 20 * log(0.5) = -6dB. 
For the pass element and load components, it is instructive to note that the pass transistor is connected 
as a common drain, source-follower configuration. This makes determining the loop gain-phase 
characteristics an easier effort as the voltage gain of this stage is: 

AVF(s) = (gm * ZF) / ((gm * ZF) + 1); 

whose value is ~1 for most loads and output capacitances in the range of interest. 

The quantity gm in the previous equation is the transconductance (∆Id/∆Vgs, in Siemens) of the HEMT and 
ZF is the output impedance between the HEMT’s source (i.e. VOUT) and ground: 

ZF(s) = (RLOAD * (1 + s(ESR * Co))) / (1 + s((ESR + RLOAD) * Co)); 

where ESR is the equivalent series resistance of the output capacitor(s), Co is the total output capacitance 
and RLOAD is the DC load resistance. 

With the three gain stages identified, it is now possible to determine the gain/phase of the regulation 
loop versus frequency for the minimum and maximum load values in the end application, given the 
circuit component values chosen and identified: 

AVLOOP(s) = AV(U1) * AVD * AVF 

For those wanting to avoid doing this exercise by hand, it is similarly possible to construct a SPICE model, 
for example using LTSPICE, and compensate the circuit using a compensation network RCOMP and 
CCOMP (a feedback zero), and then iteratively tune the resulting output deviation (for an output current 
deviation) for the smallest peak value, while displaying critically-damped behavior. 
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Recommended Test Equipment Connections 

Figures 5 shows the recommended test equipment connections to/from the EPC7C023 Eval/Demo Board. 

 

Figure 5. EPC7C023/EPC7C024 DC Test Standard Regulator Configuration. 

 

 

Figure 6. EPC7C023/EPC7C024 DC Test LDO Regulator Configuration. 
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Figure 7. EPC7C023 AC Test Standard Regulator Configuration. 

 

 

Figure 8. EPC7C023 AC Test LDO Regulator Configuration. 

 

In Figures 7 and 8, CEXT is a minimum 470uF/16V aluminum electrolytic capacitor to compensate for the 
inductance of the cables from the power supply to the evaluation board(s). 

The same connection arrangement applies to the EPC7C024 board, with the exception of the pulsed load 
current is switching from 0.05A to 0.5A. 
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Recommended Test Equipment 

The following test equipment is recommended to properly evaluate the EPC7C015 Eval/Demo Board: 

0-10V, 10A adjustable DC power supply for VIN (EPC7C023). 
0-10V, 2A adjustable DC power supply for VIN (EPC7C024). 
0-10V, 100mA adjustable lab power supply set to 8.50Vdc for VBIAS (either version). 
10A maximum adjustable/pulsed electronic load. 
200MHz two channel oscilloscope. 
One 10:1 passive oscilloscope probe (to monitor CS+). 
Dual banana jack-to-BNC adapter. 
BNC to probe tip adapter (to monitor VOUT). 
 
Typical DC Regulation/Drop-Out Performance 

The following typical regulation and drop-out performance was obtained for each HEMT version of the 
EPC7C023 and EPC7C024 demo board. For the standard regulation tests, the regulation performance 
versus input voltage (VIN) and load current ILOAD for the EPC7C023 board is shown in Table III. 

Table III. Typical EPC7C023 Standard Configuration Regulation Performance. 

 

 

With regards to the standard regulation tests, the regulation performance versus input voltage (VIN) and 
load current ILOAD for the EPC7C024 board is shown in Table IV. 
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Table IV. Typical EPC7C024 Standard Configuration Regulation Performance. 

 

 
For both the EPC7C023 and EPC7C024 the regulation accuracy is better than 1%, with the exception of 
three data points for the EPC7C024 board where ILOAD was greater than 0.2A and where VBIAS was less 
than 8.25Vdc. In fact, for all currents for both evaluation boards where VBIAS is greater than 8.00Vdc, the 
regulator accuracy is better than 0.5%! 

For the LDO configuration, the regulation performance versus input voltage (VIN) and load current ILOAD 
for the EPC7C023 board is shown in Table V and for the EPC7C024 in Table VI. 

Table V. Typical EPC7C023 LDO Configuration Regulation Performance. 
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Table VI. Typical EPC7C024 LDO Configuration Regulation Performance. 

 

For both the EPC7C023 and EPC7C024 configured as an LDO the regulation accuracy is better than 1.5%, 
except for three data points for the EPC7C023 board where ILOAD was 5A and where VIN was greater 
than 6.50Vdc. In fact, for all currents for both evaluation boards where VIN is less than 6.50Vdc, the 
regulator accuracy is better than 0.5%! 

The typical dropout voltage performance obtained for the EPC7C023 board is shown in Table VII and in 
Table VIII for the EPC7C024. For all the following readings, the dropout voltage is obtained by adjusting 
the input voltage until the output voltage is 4.950Vdc (~ -1%). 

Table VII. Typical EPC7C023 Dropout Voltage Performance. 
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Table VII. Typical EPC7C024 Dropout Voltage Performance. 

 

The results obtained in Tables VI and VII are very respectable for any pass element, and obviously 
noteworthy for an eGaN HEMT, a technology which is not necessarily associated with linear regulators! 
Decidedly from here on out, eGaN HEMTs should be of serious consideration in linear regulator designs. 

Typical Dynamic Performance 

The typical dynamic performance obtained for the two evaluation boards – the output deviation of the 
output voltage for a deviation in the output current, shown for two output current deviations -- half to 
full load deviation (2.5A to 5A, EPC7C023 or 0.25A to 0.5A, EPC7C024) and almost full load deviation 
(0.2A to 5A, EPC7C023 or 0.02A to 0.5A, EPC7C024) – are shown in Figures 9 and 10 for the EPC7C023 
board. In Figures 9 and 10 the blue waveforms are displayed at 2A/division: 

 

Figure 9. EPC7C023 AC Output Deviation: ½ to Full Load Current Deviation. 
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 i  

Figure 10. EPC7C023 AC Output Deviation: Minimum to Full Load Current Deviation. 

 

In Figures 11 and 12, following, the blue waveforms are displayed at 0.2A/division: 

 

Figure 11. EPC7C024 AC Output Deviation: ½ to Full Load Current Deviation. 
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Figure 12. EPC7C024 AC Output Deviation: Minimum to Full Load. 

 

Figures 9 to 12 indicate excellent load transient performance, which is solely controlled by the TL1431 IC 
and the compensation network R4 and C3. Due to the presence of the current sense resistor, RS, which is 
outside the regulator’s feedback loop, the output voltage deviations shown in yellow in Figs. 9 to 12 are 
measured at the +CS terminal on the board. The signal CS+ is the regulated output of voltage regulator. 

What Figures 9 through 12 further show is the ability of eGaN HEMTs to be excellent pass transistors for 
linear voltage regulators! 
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EPC7C023/024 Demo Board Schematic 
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EPC7C023/024 Demo Board BOMs 

The BOMs for EPC7C023 and EPC7C024 Eval/Demo Boards are shown in Tables VIII and IX, respectively. 
All passive components used are qualified to AEC-QXXX standards, where possible. 

Table VIII. EPC7C023 BOM. 

 

 

Table VIX. EPC7C024 BOM. 
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Printed Circuit Board (47-120) and Layout Details. 

The printed circuit board (47-120) for the EPC7C023/024 Eval/Demo Board is constructed with four 
layers. The PCB is 3.50” x 2.00” and is 0.063” thick. The outer layers are 2 oz/in2 and the inner layers are 1 
oz/in2 copper etch. All electronic components with the exception of CB10 are SMT-packaged and all 
connectors are through-hole. 

The individual Gerber layers for the PCB are shown in Figures 14 to 22, following: 

 

 

Figure 14. EPC7C023/024 Demo/Eval Board Top Silkscreen. 

 

 

Figure 15. EPC7C023/024 Demo/Eval Board Top Solder Mask. 

  



  
200 Bulfinch Drive    Suite 160     Andover, MA   01810     USA  

Rev. PR 2/8/2026 Page 18 of 24 

Application Guide for EPC7C023/024 
Demo Board (EPC7019G/EPC7014UB) 

 

 

Figure 16. EPC7C023/024 Demo/Eval Board Top Copper Etch (2oz.). 

 

 

Figure 17. EPC7C023/024 Demo/Eval Board Inner Layer #1 Copper Etch (1oz.). 
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Figure 18. EPC7C023/024 Demo/Eval Board Inner Layer #2 Copper Etch (1oz.). 

 

 

Figure 19. EPC7C023/024 Demo/Eval Board Bottom Copper Etch (2oz.). 
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Figure 20. EPC7C023/024 Demo/Eval Board Bottom Silk Screen. 

 

 

Figure 21. EPC7C023/024 Demo/Eval Board Bottom Solder Mask. 
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Figure 22. EPC7C023/024 Demo/Eval Board Drill Pattern. 
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NOTES: 
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Disclaimers 

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE 
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE. EPC Space Corporation, its affiliates, agents, employees, and all 
persons acting on its or their behalf (collectively, “EPC Space”), disclaim any and all liability for any errors, 
inaccuracies or incompleteness contained in any datasheet or in any other disclosure relating to any product. EPC 
Space makes no warranty, representation or guarantee regarding the suitability of the products for any particular 
purpose. To the maximum extent permitted by applicable law, EPC Space disclaims (i) any and all liability arising out 
of the application or use of any product, (ii) any and all liability, including without limitation special, consequential 
or incidental damages, and (iii) any and all implied warranties, including warranties of fitness for particular purpose, 
non-infringement and merchantability. Statements regarding the suitability of products for certain types of 
applications are based on EPC Space market knowledge of typical requirements that are often placed on similar 
technologies in generic applications. Product specifications do not expand or otherwise modify EPC Space terms and 
conditions of purchase, including but not limited to the warranty expressed therein. Except as expressly indicated in 
writing, EPC Space products are not designed for use in medical, life-saving, or life-sustaining applications or for any 
other application in which the failure of the EPC Space product could result in personal injury or death. Customers 
using EPC Space products not expressly indicated for use in such applications do so at their own risk. Please contact 
authorized EPC Space personnel to obtain written terms and conditions regarding products designed for such 
applications. No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted 
by this document or by any conduct of EPC Space. Product names and markings noted herein may be trademarks of 
their respective owners. 
 
International Traffic in Arms Regulations (ITAR) 

The products described in this datasheet could be subjected to the International in Arms Regulations (ITAR). They 
require an approved export license prior to export from the United States of America. An export includes release of 
product or disclosure of technology to a foreign national inside or outside the United States of America. 

Patents 

EPC Space holds numerous U.S patent. Any that apply to the product(s) listed in this document are identified by 
markings on the product(s) or on internal components of the product(s) in accordance with U.S Patent laws. 

eGaN® is a registered trademark of Efficient Power Conversion Corporation, Inc. Data and specification subject to 
change without notice. 
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