A Switched-Resistor Array for Pulsed-Power Load Emulation

Research Question

How do we model a switched-resistor array for the
design of a pulsed load emulator?

Background
My previous work [1] showed that a switched-resistor
array (Fig. 1) is a promising solution for the design of a
point-of-load pulse emulator with the specifications
enumerated in Table 1. The performance of the
proposed design is limited by resistor ESL, GaNFET
output capacitance, and inductance from the physical
layout of the board.

Table 1: Pulsed Load Specifications

f D % P
10kHz-200kHz | 1%-30% |18V-36V |4kW

To design such a load, we need accurate analytical and
simulation models. To that end, this work develops a
small-scale version of the proposed design to verify

design models.
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Figure 1: Switched-Resistor Array with Parasitic Inductances Shown
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Proposed Design
By virtue of the GaNFET, the turn-on and turn-off of
the pulse are asymmetric. Namely, the turn-on is
modeled as a series RL circuit with the GanFET
modeled by its on-resistance; the turn-off is modeled
as a series RLC circuit with the GaNFET modeled by its
output capacitance. This work proposes underdamped
(Fig. 3) and overdamped (Fig. 4) designs.

% &% 3% % &% a8 E% Eu[ 3
1o Bl T e e

LR R O T A A R B i B e I i )

FEEE REE ERES CREE EOES EREY e EERED

LR
pam | e
l!l'_.: i
gi== ==

¢ e e ;| e ¢ Bame 1 e -
w1 T e | TR g T VTS e | PR s B VRS e | PSR g 1 RS
i R - N e e N - AR e g ST - - T i
r N e =ma WD e BT e WD e TELD o BT o MR T
- = = - = = = - = = ——
GEEEaaaE0EEES
cEElalaaEEEEa
-------------
- — I — I — I — I — I oy I — I p I
i T e = i —— i — e
= = = = i = = L = -y = = F; = v i: —g "= =
B =ChiIfE —cMIE AR —cAdIE AR DI —caaiE —cda
LY ] aRE ®F = Ew - R ¥ LT ] - LL R e L] B LL 1] aw L1 1]
aary ! - L ar] ! H- I - J ey ! g ! e !

m
0
I oM

el o e s e
s[sil;.ﬁs;s;{

i

e |
sttt kot ey
[ {

| |

1 b= 1 =
e W,
= myll gy - = ey
= = — -

o u-om- |[eu]|en [= - [* E-[e ®] [0 5][¢ =
1 = 1 = 1 = 1 = B i |
e B B W R N e R
e = Elehg:= Egleeg:= Emilees-= myleey- pop s = mpl e =  Egl
b mmms | gimem mmms o gamem  mmas o gimem s g o immm  mmr ghem e
—————————
e s e . e |

‘H iiiiiiiiiiiii
BLE DG p— = —. — =
GHD G O BUS = _:_}'i"u- FE = aes FE E';'lu FE = s ."E E:-"i.u-
5 s 1 T i B ora o - Sy ama e i zan

- -
R s — T
- - g - - R
B = pan W e gpn | -
T BBy Fi
I .-y "

= o w

- re
-.r T T
=1 s

T

ey

.
I
Bl  Motch = Toggle OM

00000000’

Figure 2: 3-D Rendering of Pulsed Load Test Board (Altium)

The above figure shows the printed circuit board (PCB)
that will be used to verify desigh models.

LTspice Simulation Results

The figures below show the simulation results using a
manufacturer-provided GaNFET spice model for a
switched-resistor array with five resistors and the
following parameters: ESL=14.5nH, L,,=0.35nH,
V=18V, f=200kHz, D=1%. The underdamped design
employs 10Q) resistors and EPC-2019 GaN switches;
the overdamped design employs 25Q resistors and
EPC-2039 GaN switches.
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Figure 4: Load Current (Overdamped Design)

Future Work

Assemble the test board and collect experimental data
to verify design models. Then, design, build, and test
the full-power version.
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