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1. NJM2377 — Boost DC/DC Converter Circuit i~ Bheuge

e — i e el

SV to 9V at 50mA Boost DC/DC Converter (fogc=150kHz, Vj,,,=30mV, )
D1
L R3 HRU0302A
IN N2 ANV ’i ouT

Rsf CS  Rsr 150u 0.8

160k 4.7uF 180k

vy ch__o § R2

__| - 150k
Rt - Ct _L é
24k L 4700 = =
V+ . ) = 1c=( 0 0 Cout Rload
— Cin == 0 —= ]
5V . 220uF | | | 220uF § 180
w0t | Ul
WO O > Njme377
oy § ESR
zoz3 0.103
TLOO R1
[ [ o)1 § 9.1k
Rf N, Q25D2623
560k d AAn_ d
1oopF 1
0

Ul: New Japan Radio NJM2377 Control IC
Q1: Panasonic 25D2623 NPN
D1: Renesas HRUO302A Schottky Barrier Diode
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2. PWM — Boost DC/DC Converter Basic Operatlon and De5|gn i~ JERAS

——— e ——— e, ——— —————

_ 2.3), | 1 . _
VIN—5V 2.4) L I|_ L D1 VOUT_9V
1 ~~—_2 N« o oo

U T
2.2) | Cout : :
= R

fon | lorr Rload

v+ |. | PwM Control ' o1 §

— | Circuit PWMouput P QN_SW EsrR:
- pulse : § :
2.5) § Rl
.20

0

*  Vgyur is monitored by R, and R, then compared to reference voltage Vg in NJM2377.
« Error voltage is pulse width modulated with sawtooth waveform.

«  PWM output pulse width is proportional to the error level. This signal will control the
switch ON/OFF(toy /topr)-

» Therefore Vg1, Which is proportional to tyy /toe IS controlled to the desired voltage.
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2.1 Boost DC/DC Converter — Vg1 Po=A

e e e ——— —

*  Vgyuris determined by R1 and R2, without considering I(IN-) of NIM2377 Vgt is
calculated as below.

.
Vout = R—2—|—1 X V/REF

\ R1

)
= %+1 x0.52 =9.09V

\ 9.1k

*  For Vo 1=9V,|R1=9.1kQ, R2=150k() are selected.
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2.2 Boost DC/DC Converter — toy /torr *cREE

e ™ e ——————— —

« If the circuit works in continuous conduction mode (CCM), output voltage (V1) and
ON/OFF time (toy /torr) follow the equation below.

ton + toFr

Vourt = xVIN

torF

then

Vout—VIn

Voutx fosc

fon =

«  From V=5V, Vg, r =9V and fogc =150kHz, these result as toy /toe are to=2.96us,
tore=3.71us, and duty=45%.
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2.3 Boost DC/DC Converter — Inductor Selection

e ™ e ———————

e Bee

4 ﬂ‘ Technologies

—

Ly Value for the convertor to work in continuous conduction mode (CCM), is

calculated as below.

Vin®

Lmin = x ton
2xVoutx louT

From V, =5V, Vour =9V, lour =50mA and ty=2.96us, these result as

Lmin <L <2xLmin

Lyn=82.21H.

A larger value will be used to increase the available output current, but limit it to

around twice the L,,, value|L=150uH|is selected.
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2.4 Boost DC/DC Converter — Inductor Peak Current % Technologies
* I pk is calculated as below. « PSpice is used to verify the circuit
design.
* Add trace I(L)
| Vourt x lour N Vin «t « Zoom to check the peak value.
LPK = ON
ViN 2xL 200ma //
9>< 005 5 (8681 8m 711468 5m
— + x 2.96u =140mA
5 2X150M 150mA N
I\ ¥ A\
N N M
« And the current ripple - Al p is P 7 e VAL
calculated as below \\ ;( ﬁ/ \ /
/ I AR M 71 ________
ViN 50ma \V/ - \\k \\
AlLpk = —x ton
5 8(6”.{8101115 86.816ms 86.822ms 86.828ms
= 705X 2961 =[99mA
H + I, p=140.985mA and

Al p=140.985m-40.531m=100.454mA

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 8
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2.5 Boost DC/DC Converter — C 7 Selectlon #§ Technologies
*  Cgyrls determined from the Ve « PSpice is used to verify the circuit
Spec (30mV_,). design.
° If COUT >> IQUT 'ton/Vripple 2oome r (87,556m,141.564m)
(50m-2.96u/30m=4.933uF), Viippe Will }{\ e
mainly caused by ESR. toomA— C Al 7
oo e 7N \/
ESR < M onl (87.553;\;40.396;1)
AIL o I(L) < rms (I (Cout))
30m 9.09V
=— =103MmQ (87.556m,9.0792)
99m 9.08V _\/
« Select the capacitor that can handle mfzg | I
the ripple current I... - v
| AlL  ton 9.8076.\]5484ms 87.5684ms
rms — - o V(OUT)
23 ¢ Al_p=101.168mA, ton=3ys.
99m 2 96“ =13mArms * Vripple :14-8mvp—p
2\/§ 6.671 ¢ |.,s=53.856mArms.
_ X Irms is larger than calculated value due to feedback
*  |Cour=220uF, ESR=103mQ is selected. loop response ripple current.
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3. NJM2377 — Application Circuit Configuration *chSe

e e, —————

5V to 9V at 50mA Boost DC/DC Converter (fosc=150kHz)

D1

L R3 HRUO0302A
IN N2 AN ’i ouUT
: cs Rert| 180U 0.8
4.7uF 180k
IG=0 :
. | § R2
g -i- 150k
L 1
V+ . g 0 0 : Cout Rload
— Cin == Cespereessessbeee@eeeeesieen ] et =+
5V . 220uF | | | 220uF 180
LE0g ul
OO~ NIM2377
oy § ESR
ZmzZ2D
3.3) TLoo 0108 § R1
Prcove A LT Voo 0 1k
i Rf i N, Q25D2623
560K § AAp_d:
CLP
100pF | 1T

Ul: New Japan Radio NJM2377 Control IC
Q1: Panasonic 25D2623 NPN
D1: Renesas HRUO302A Schottky Barrier Diode
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3.1 NJM2377 — Soft Start Time Setting >icBeE

e ™ e ——————— ——

NJIM2377 soft-start time is determined by Rsr, CS and Rsf

*  Soft-start time or ty,ymax,) IS time needed for
V(CS) to reach Vycgmax) PY charging
capacitor Cs.

« CSischarged by current Ics, calculated by:

« First, caculate Rsr by
Rsr>Voy a(max.)/lqys(min.)
(1.8V/10uA=[180kQ)

« During steady state operation,

I(CS)=lgcs=250ns. Maximum duty los = VREF
cycle is determined by V(CS). Set Rsr + Rsf
V(ICSI):tVaHgS(maX_):O.BV, Rsf is 15
calctiated by T180k +160k
VTHCS (max.) = & x V/REF then
Rsr + Rsf y Cs
) X
180k . oy vy = =~
180k + Rsf G F 1o
Rsf = 160kQ _ O8x4 T _169ms
4.41u+30u

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 11



3.1 NJM2377 — Soft Start Time Setting (Simulation)

e Bee

4 ﬂ‘ Technologies

e e, ———— ———

NJIM2377 soft-start time is determined by Rsr, Rsfand CS

Select Rsr, Rsf, and CS then check tyymax)
by simulation.

PARAMETERS:
CcS=4.7u
IN
Rsf
160k Rsr
AN {QS} 180k
Vv ct :
Rt 10nF
10MEG = =
v+ |, =ic=0| 0 0
] Cin =/ REF 0
5V T 220uF | | I
LE0g Ul
8OO~ NIM2377
o+
zZz2
Z0G0o
[ [
Rf
560k
YVy R1
CLP, 1MEG
100pF | |
0 .TRAN 0500ms O

tauymax)=109.170ms. for CS=4.7uF

1.5V / /
/7
/ pd
YNy
1.0V /
[
AR VA
JAVAN
//\ A§7.953m,8 0.000m)
0.5V d/(],,ﬂé\.l'Om,EBO0.0 Om)
[/ N
//7;.633m,800.000m)
I,
/4

o ¢ v V(CS)
Time

tauty(max)=76.653ms for CS=3.3uF and
tauty(max)=157-953ms for CS=6.8uF.
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3.2 NJM2377 — Oscillation Frequency Setting

=

NJIM2377 oscillation frequency fygc is determined by C;and Ry

e E——

i

D Q e

Bee

¥4 i\ Technologies

Oscillator Frequency vs. Timing Resistor IN
I:*\."":31'L"'.Ti3:25:(:} Rsf Rsr
1000 = T 160k 4 7uF 180k
ma |C. 0
I ct
fosc=150kHz Rt A70pF l 4%
24K = =
100 =5 i e VAT A on 4+ T IC=0| 0 0
=, — i in ==
o . Cr=470pF 5V .  220uF
e |
— Lwn+| Ul
T WO O> | NjM2377
<2 4 Cr=1000pF N NI 1] Z.E(%lé
] | [
Rf
™ CLP
1 "N 100pF 1
1 10 100 1000 10000 ==
Timing Resistor Ry (KQ) 0

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010
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3.3 Error Amp Feed Back Loop Setting

e Bee

4 ﬁ‘ Technologies

=

e E——— -

Error Amp Feed Back Loop is determined by R1, R2, Rfand CLP

 For FB loop gain G > 100, Rfis
calculated as:

. Rf
~ R1//R2
1,000k
~ 150k//9.1k
Rf =1000k

e CLPis suggested to use value
between|100pF~1,000pF

» Inappropriate F.B loop design can
cause an oscillation. PSpice is used to

verify the ripple voltage vs. Rf and CLP

values.

.10V

.04v

Simulation result shows V. of the circuit
with RF=1000k Q compare to the circuit with
RF=560KQ.

1l2v ‘

RF

1000kQ, C|.P=100pF.

i
’“.'[ | u]

P=100pF

560kQ, CL

\RF=

79.00ms 79.25ms 79.50ms 79.75ms 80.00ms
o < V(0OUT)
Time

Changing RF to be 560k Q can reduce V
from 34mV, , to less than 20mV ..

ripple

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 14



4. Performance Characteristics

=

e E——— -

e Bee

4 a\ Technologies

Viipple(p-p)= l€SS than 30mV

Efficiency= 75% at I5,;=50mA

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010

Rload

180

D1
L R3 HRU0302A
IN A2 AN ” ouT
Rsf CS  Rsr 150u 08
160k 4.7uF 180k
IG=0
YW (j_ 4% § R2
150k
w1 | L
24k ; 470pf = =
v — Cin == g IC = 0 0 L Cout
5V . 220uF | | I 220uF [ |
Lo+ | Ul
Wo o> | NIm377
ox § ESR
zpZ3 0.103 a1
[ I b a1 § 9.1k
Rf N Q2SD2623
560K & ANA__d
1ogpL|f'__| —
0
Ul: New Japan Radio NJM2377 Control IC
VIN_SV Q1: Panasonic 2SD2623 NPN
VOUT:9V D1: Renesas HRUO302A Schottky Barrier Diode
lour=50mA
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4.1 Output Start-Up Voltage and Current *cREE

e ™ e —————— —

|(Rload) som a -

20ma rwﬁigfﬂdff

o I(Rload)

Os 20ms 40ms 60ms 80ms 90ms
o V(OUT)
Time

« Simulation result shows output start-up time of the circuit. This circuit needs
55ms to reach steady state.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 16
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4.2 Output Ripple Voltage i~ =5

v(ouT) \ \ | N
zoomy 4 IR DT YT “\mvSTP\ \ N
1IRR1IERI AR EENE |

1 % 2 e o

89.90ms 89.91ms 89.92ms 89.93ms 89.94ms 89.95ms 89.96ms 89.97ms 89.98ms 89.99ms
o V(0UT)

9.065V

[—_/
1=

Time

\/((:)LJ-r) 9.10v

9.09v

9.08V- i i : ; ; kl-ﬂ
9.07v 25mVp

9.06V
SEL>>
9.05Vv
60ms 65ms 70ms 75ms 80ms 85ms 90ms

o V(OUT)

Time

«  Simulation result shows output ripple voltage caused by switching(18mV;_p)
and F.B loop oscillation(25mV;_p).
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4.3 Efficiency ral Bee

e — i e el

Efficiency

(90.000m,75.500)

‘\

7 5 R mmeteme S e G S B S G el e "

50

25

O T T T
70ms 75ms 80ms 85ms 90ms
o 100*W (Rload) /rms (W (V+))

Time

« Efficiency of the converter at load |5 ,;=50mA is 75.5%.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 18
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4.4 Step-Load Response i~ Bes

|(Load) *™ i 'l

30mA

20mA

o I(I1)

9.125V

V(OUT) 9.100Vv

9.075v

9.050V+
60ms 65ms 70ms 75ms 80ms 85ms 90ms
o V(OUT)

Time

«  Simulation result shows the transient response of the circuit, when load currents are
50mA to 10mA to 50mA steps .

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 19
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5. Voltage and Current Simulation Result #§ Technologies
. I(L) = 261.054mA(peak) , 94.1399mA(rms)

I(L) peak, 200ma |

rms

0A

Q1 25D2623: VCEO=20V, ICy1x=0.5A

o I(L) ¢ rms(I(L)

V(QlC)’ | 20Vq  500ma .
. 15V o
1(Q1:C) ool ssom 100% ofiRateld Value
V1 >> &
ov-
o 30 A o V(0l:c) + I(0l:c) D1 HRUO0302A: Vrgy=20V, 15=0.3A(avg), lr=3A
X ? 100% of Rated Value
V(D1:K,D1:A) | 200w 2
, |F(D1) 100mA
0v 4 >> —
oyt - v Ll o Ten) v avs(ron) I(Cout) = 50.255mA(rms)
10V 100mA
1 2 = =
V(Cout), e
|(Cout) rms vy somats - M*“r; __
SEL>> — "]
ov- 0A i
0s 20ms 40ms 60ms 8 Ome 50me

o V(Cout:1) + rms (I(Cout))

«  Simulation result shows voltage and current of the devices.
+ Select L and Cout that can handle their |, value.

*  The absolute maximum value of Q1 and D1 are compared to simulation result for
stress analysis.
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6.1 Bipolar Junction Transistor Losses

100% of Rated Value (P¢ ., =150mW)

e e, ————

e Bee

4 ﬂ‘ Technologies

150mwW

| soomiq %
P(Ql) 400mi - 100mw turn-on loss |
peak, avg )
turn-off loss
200mW A 50mwW E
: LConductlon loss PC v =17.254mwW ]
=) =) . 3
SEL>> L v l 8 ﬂ H ]
ow- ow =
& V(Ql:c)*I(Ql:c) o avg (W(Q1))
20V 300mA
1 2
15V
. 200mA
V(Q1:C),
10V
I(Ql:C) - / E
100mA
5V ; =
>> i /&/
ov- 0A : = =
89.964ms 89.9606ms 89.968ms 89.970ms 89.972ms 89.974ms
[1] = vioi:c) [2] « 1(Ql:c)
Time

Simulation result shows waveforms of I and V¢ of transistor Q1.Loss in

peak and average values are also shown.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010
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6.2 Schottky Barrier Diode Losses

e — i e el

i

=Bee

4 ﬁ‘ Technologies

P, avq =18.45mW

100mwW
[ N :
i ( Reverse [ Conduction loss
P(D1 50mi recovery loss fr T
(D1) — | | e | T
peak, avg ol > l
[ -
[ Reverse
~50mWy k leakage loss )
—lOOmW-
o W(D1) a avg(W(D1))
10V 200mA
1 2
[ Reverse recovery
- oomn [T — characteristic
I Dl 0V 0A = &
,1( Y
-5V -100mA
SEL>> o - A‘
-10v- -200mA
89.964ms 89.965ms 89.966ms 89.967ms 89.968ms 89.969ms 89.970ms 89.971ms 89.972ms 89.973ms
o V(Dl:1,D1:2) + I(D1)
Time

«  Simulation result shows waveforms of I and V,, of diode D1.Loss in peak
and average values are also shown.

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010
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7.1 Start-Up Sequencing Waveforms ra Bheuge

2.5V

V(FB) : : —

V(CS) o V(Ul:CT) < V(Ul:CS) v V(Ul:FB)

9.0V &

8.0V

7.0V

6.0V

( Z.OV

=
Os 10ms 20ms 30ms 40ms 50ms 60ms 70ms 80ms 90ms
o V(OUT)

Time

«  Simulation result shows start-up sequencing waveforms, including V(OUT) and control
signal (Vrawe Vosc, and Veg).
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7.2 Switching Waveforms at Load 50 mA (RL=180Q) #§ Technologies

e e, ———— ———

IL)

Vc(Qlljo
1(Q1) *

I(D1)

V(OUT)

200mA

150m
100m2_\ e < /\\ /\\L L PN

50mA I a v ay

0A

ov 5 200mA —
.5V 150mA *

.0V 100mA
oy - v v J T_/ w

ov 0A 4

II o V(Ql:c) l! ¢ I(Ql:c)

i S N ——— T — :

50mA 1
OA |
-50mA

i
4=
i
j
:_H

o I(D1)

9.100Vv

e [ [ b

SV e e Y Y B S

SEL>>
9.050V
89.944ms 89.950ms 89.960ms 89.970ms 89.980ms

o V(OUT)

Time

Simulation result shows boost converter switching waveforms at load 50mA, including
I, Vc(Q1), 1c(Q1), I(D1) and V(OUT)

All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 24



e Bee

7.3 Switching Waveforms at Load 10 mA (RL=900) #i% Technclogies

IL)

4v

1c(Q1) et

V l]- 2V 2 roms /] A /| E A /_“\ 4 T | Vd B
Q] * som 2L i VNP7 1 Y N VY P4 Iz R
L/ Jyvv VY vy yver

I(D1)

V(OUT)

e e, ———— ———

e TA ~ A A
S0ma 7 N 7 VAN AN A
S LSRN A8 T U A/ ) Y, SR S 7
-25mA :
o I(L)

25mA

v
0A -8 ! S ul/ VV .|/ = = l/
-25mA
B V(Ql:c) s T(Ql:c)
75mA
50mA AN mh\ A m\\ \
25mA \*\\ \\ \\ \\i\ \\
SEL>> t S . . A N
-25mA
o I(D1)
9.125Vv
9.100Vg—t——— — == =
9.075v
89.944ms 89.952ms 89.960ms 89.968ms 89.976ms 89.984ms
o V(OUT)
Time

Simulation result shows boost converter switching waveforms at load 10mA, including
I, Vc(Q1), 1c(Q1), I(D1) and V(OUT)
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Simulation Index #§N Technologies
Simulations Page Folder name
1. NJIM2377 — Soft Start Time Setting (Simulation)........... 12 \IC-Config\SS
2. NJIM2377 — Oscillation Frequency Setting..................... 13 \IC-Config\OSC
3. Error Amp Feed Back Loop (Transient).........cccccceeeeennee. 14 \IC-Config\FB
4. Start-Up Transient Simulation (0~90ms.)........c.ccccceeee.. 16,17,23 Transient
5. Efficiency and LOSSES.......ccccuvviiiiiiriieiiiieeeeeeeeeiee e 18, 21, 22 Efficiency
6. Step-Load RESPONSE......ccovvviiiiiiieieieeecc e 19 Step-load
7. Voltage and Current Simulation.............cevvvvvviineeeeennnns 20 Stress
8. Switching Waveforms...........cccooevviiiii i, 8,9, 24,25 Waveforms
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SIMULATION SETTINGS 1

e Bee

4 ﬁ\ Technologies

These settings are for:
« Start-Up Transient Simulation (0~90ms.)
» Voltage and Current Simulation

Simulation Settings - transient

e e, —————

» Step-Load Response

Simulation Settings - transient

General  Analysis ]Configuration Files] Dptinns] D ata Collection ] Probe Window] General] Analysiz ] Configuration Files  Options lData Collection l Probe Windnw]
Analyziz type: Cataqon: [[OPTIOM]
. li gory:
Time D'omain [Tr: R o s i (LISTIE) finalog Simulation Relatve accuracy of Y's and 0.0 [RELTOL)
Ootiar. Start saving data after |01ms seconds G ate-level Simulation Best accuracy of voltages: 10.0u  wolts [WHTOL)
pions: Output file i
) . Best accuracy of cuments: 1000 amps [ABSTOL)
General Settings Trangient options
_. . .._ - i . ’1507 . Best accuracy of charges: 00p  coulombs [CHGETOL]
onte -arip/worst Lase dMmum step size: " semoncs Mirirmurn conductance for any branch: [T.0E-12 1fohm [GMIN)
[_]Parametric Sweep ; o ) ) ) ;
[T emperature [Sweep) I Skip the initial transient bias point calculation [SKIFBP) DC and bias "Blind'" iteration limit: 150 (TL1)
[15ave Bias Point DC and bias "best guess' teration limit: |20 ITLZ)
[[ILoad Bias Point [ Run in resume mode Output File Options... Tranzient tire point iteration limit: o [ITL4)
[15ave Check Points . ) 570 3
[ JRestar Simulation Default norminal temperature; . C [THORM)
[ Use GMIM stepping ta improve convergence. [STEFGMIN]
™ Use preardering to reduce matris fill-in. [FREORDER]
.t’-‘-.utnl:onverge...| MOSFET Elpticuns...| Advanced Dptinns...| Reset |
Ok | Cancel | Help 0K | Cancel | Help |
. .TRAN 0 90ms 0.1ms 150n
. .OPTIONS ABSTOL=10.0n
. .OPTIONS RELTOL=0.01
. .OPTIONS VNTOL= 10.0u
All Rights Reserved Copyright (C) Bee Technologies Corporation 2010 27
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These settings are for:
» Efficiency and Losses
» Switching Waveforms

Simulation Settings - transient

General Analysis ]Cnnfiguration Filesl Dptionsl D ata Collection ] Probe W’indnw]

Rum to time; A0z gecondsz [TSTOP)]

Options: Start zaving data after: | Flms gecondsz
Tranzient options

b amimum step zize: |100n zeconds

[ Skip the initial tranzient biaz point calculation [SKIPBP]

Analysiz type;

Gerneral Settings
[Itaonte Carlo/wiorst Caze
[|Parametric Sweep

1 Temperature [Sweep]

[15ave Biaz Point

[|Load Bias Point [ Run in resume mode Output File Options. ..
[]Save Check Points

[ |Restart Simulation

e — i e el

Simulation Settings - transient

General] Analyziz ] Configuration Files  Options lData Caollection ] Praobe Windnw]

[[OPTION]

Cateqoary:
finalog Simulation Relative accuracy of VW's and 0.0 [RELTOL)
ga:B'htB‘rf_;ﬂ Simulation Best accuracy of voltages: 000 wolke  [WNTOL)
DB LS Best accuracy of currents: 1000 amps [4BSTOL)

000p  coulombs [CHGTOL]
Mirirmurn conductance for any branch: [T.0E-12 1fohm [GMIN)

Best accuracy of charges:

DC and hias "blind”" iteration limit: [50 (L)

DC and bias "best guess" iteration limit; |20 ITLZ)
Tranzient time point iteration limit: I'IIJ— [ITL4]
Default nominal temperature: 270 7C [THOR)

[ Use GMIM stepping ta improve convergence. [STEFGMIN]
™ Use preardering to reduce matris fill-in. [FREORDER]

.t’-‘-.utnl:onverge...| MOSFET Elpticuns...| Advanced Dptinns...| Reset |

QK | Cancel | Help

0K | Cancel | | Help |

. .TRAN 0 90ms 70ms 100n
. .OPTIONS ABSTOL=10.0n
. .OPTIONS RELTOL=0.01
. .OPTIONS VNTOL=10.0u
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