NCV887300

Small-Signal PSPICE Model

The PSPICE model is a small-signal implementation of the NCV887300 non-
synchronous SEPIC/Boost IC [1] intended for feedback loop stability analysis in a

Boost, SEPIC or Flyback topology.

The example PSPICE file demonstrates the model implementation used for the
NCV8873LEDBSTGEVB [2] boost evaluation demo board (Fig. 1) and will be
described in this article. An example simulation for a discrete inductor SEPIC LED
converter is also included (not discussed in this article).

o

N Semiconductor®

http://onsemi.com

VIN ussS13l-332ex  VSW r
o} u ., e} ;
VIN [}—e T L O . = . » vou []vout
vDRy 33uH GDRY '[
1! . L_C8 MURA110T3G
= o] Q | c1 cs -
No Pop | ATUF cs u R1 at
o VDRV 5 4 SDRY, ™ - No PGP 2.2uF n
GND [——+ |_voRv | VDRY  GDRV 1 CORA NVTFS5826NL
1 I - . JUMPER
= = 1uF 0 1 i Ko
— & fvin anp 2 —
Qve , 2 Tmns ISNS
T YC ISNS -
cr
100nF B e 5 ' "2 D2 03 D4 D5 D6
g R7 O VFB EN/SYNC | RE 10K EN/SYNG 043 LED LED LED LED LED
18.2K e
— cs NCVBa730001R2G P 1 o1s ] [} N M N N
a7pF T WO =, MmzaavTic 4
GND GND GND GND o1 |
O O O - 4 vopy D13 1N4148 r
T 1000pF N8 | 05 1Nd1an | T VDRY
i l | _ R17 100K D11 D10 D3 D8 D7
+ ) ) DMz R15 DMt R16 LED LED LED LED LED
E— ©| NTJD4001N (@) 49K W 1K 2 X 2 N *
- uQ/ MMBT3406L VOUT
= -, T \F\ : a2
MNT1 MNT2 MNT3 MNT4 1 + M74VHCIGTS0DFTIG AN I R N W R18
CON1 CON1 CON1 CON1 D _ o LED 100K
5 Re R10 R12
OO0 &= ‘ Sowd——1— Sao |
T T T x —= Qs
b R R T K PWM N
1.4 | MMBT3904L O ¢ ria #1as Sgsmauvc
J; ~ - 0POR oy | MMBTIS0AL 0 o
1.00K] 3.01K 499
4 £ L
RS i
ANA ' FB
1"

Figure 1 NCV887300LEDBSTGEVB Evaluation Board Schematic

Modeled Elements

The PWMCM_L_NCV887300.LIB switch model is a product specific version on the
public domain current-mode PWMCM _L lossy model published by Christophe Basso

[3].

A stability analysis of the LED boost converter design may be performed by passing
the following parameters to the PWMCM_L_NCV887300 library file:

current sense resistor (Q)
DIO -

o

contribution. Anode to GND and cathode to DIO.

SW: operating losses from the series combination of MOSFET rDS(ON) and

Boost topology: Connect the rectifier diode model to include diode loss

Anode to DIO and cathode to GND (example provided in PSPICE file).
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SEPIC topology: Connect the rectifier diode model to include diode loss contribution.
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- L=
o Boost topology: Equivalent boost inductor (operating value of L1), (H).
o SEPIC topology: Equivalent boost inductor (parallel operating value for

L1//L2 for the discrete inductor SEPIC topology, operating value of L1
for the coupled-inductor SEPIC), (H).

- Rsense — Current sense resistor ()
o Boost topology: Parameter value must be negative, (see [3]).
o SEPIC topology: Parameter value must be positive.

- Rdson — MOSFET ON-resistance (L)

Modeling Example

A PSPICE small-signal analysis implementation of the NCV887300SEPGEVB demo board is shown in
Fig. 2. Simulation results are shown in Fig. 3. Node definitions are provided in Table 1. The NCV8873
feedback amplifier is an operational transconductance amplifier (OTA). A 542 Q resistor between the
OTA output and the IC-VC compensation pin is implemented in silicon for ESD protection. To permit an
accurate OTA gain analysis when selecting compensation feedback components, the internal OTA output
node (“CTRL”) is made available and is strictly intended for analysis.

PARAMETERS:
L=33uH
rL=32m
L1 SPECT Rsense =-0.22 (Value must be neg ogy)
® i 0 NOT EDIT. Rdson = 0.045 WOTES : ) ) )
U4 1- The PWMCM L model is described in
"Switch-Mode Power Supplies-SPICE
L {rL} 3] Simulations and Practical Designs" by
Chrostophe P. Basso.
12 % o out 2- In a boost converter, the PWM
© ‘/-11 switch model requires a negative value
Duty ratio (=] g Boost d for the current sense resistor Rsense
o \g— resri Rac because the current flows out of the
E = 004 'p' node (model was written for
Ew 33.096 current flowing into the 'p' node).
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Figure 2 NCV887300LEDBSTGEVB Evaluatlon Board Small-Signal Simulation
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Figure 32 NCV887300LEDBSTGEVB Evaluation Board Small-Signal Simulation Feedback Loop

o p(v(vi)/v(inj))

Response

An ESD protection resistor is present between the OTA output and the VC package pin on the die (this is

not documented in the datasheet). A virtual output (CTRL) is provided to access the controller’s internal

feedback node to permit a more accurate analysis for instances where the compensation resistor approaches

the value of Resd (set to 542 Q within the model).

Table 1 NCV887300 Model — Node Definitions
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Table 2 NCV887300 Model — Parameters Table Definition

Parameter | Unit Comment
Rsense Q Current Sense Resistor
L1 (L1/L2) H Boost Inductor (SEPIC Inductors)

Feedback Loop Analysis Methodology

Simulations should be run at worst case parameter conditions (e.g.: Minimum input voltage, worst case
output capacitor parasitic ESR values, etc). Additional simulations under less stringent conditions (e.g.
nominal ESR, different input voltage conditions) are recommended as well for verification. The
disturbance injection point is introduced by inserting and AC source between nodes inj and vi.

1-  Control-Output (Modulator Plot) Response

This is the response of the power supply as seen by the IC’s internal CTRL node (V(VI1)/V(CTRL)).
This information is required to select OTA compensation components (R6, C2, C3).

2- OTA Compensation

From the modulator plot data, the OTA compensation network is determined (V(CTRL)/V(INJ)) by
selecting the desired zero gain and frequency values (R6/C2) and pole frequency (C3). CTRL is the
OTA output (before Resd) and is a node internal to the IC and is strictly intended for analysis.

3- Loop Response (Open-Loop Response in Closed-Loop Form)

The power supply feedback loop response is obtained by plotting V(V1)/V(INJ). The resulting
design cross-over frequency, phase-margin and gain-margin are now obtained.
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