LOW POWER SWITCHING REGULATOR WITH CURRENT LIMIT
NJM2359

The NJM2359 is a low power switching regulator IC. Due to an internal 8 Package Outline
current protection circuit, constant current limiting and foldback current limiting
characteristics are set by external resistors.

The NJM2359 is well-suited for use in battery operated portable instruments
{word processors, personal computers, efc.).

® Absolute Maximum Ratings (T2=25C) NJM23580
Supply Voltage v+ 24V
Power Dissipation Pp (D-Type) S00mW
Operating Temperature Range Topr —20~+75C
Storage Temperature Range Tug —40~+125C

B Electrical Characteristics
® DC Characteristics (Vt=6V, Ta=25TC)

Parameter Symbol Test Condition Min. | Typ. | Max. | Unit

Supply Current (1) Icc(l) — (300 400 uA
Supply Current (2) Icc(2) V+=24V — 450 600 KA
Reference Voltage VREF 124 131} 138V

Switch Saturation Voltage Vsw Isw=100mA — 0.2 04 |V

Switch Current Isw Vsw=04V 100 200 — mA
Switch Leakage Current Iswo V(4PIN)=24V — 01 |10 KA
Operating Frequency Fo Cx =50pF 40 50 60 kHz
Current Limit Sense Voltage (1) Veu(l) V+=6V 65 85 105 mV
Current Limit Sense Voltage (2) Ver(2) Vr=24V 70 95 120 mV
Current Limit Input Voltage Range Vis -03 - V=2 |V

@ AC Characteristics (Step-Up, Ta=25TC)

Parameter Symbol Test Condition Min. | Typ. | Max. | Unit

Output Voltage (9V Out) Vo) V+=4.5V, [o=10mA 851 900 949}V
Load Regulation (9V Out) AVo-log | V¥=4.5V, Io=2~1TmA — (100|200 mV
Line Regulation (9V Out) AVodmng| Vi=4.5~8.1V, Io=10mA — 150 200 mV
Output Voltage (5V Out) Vo) V+=26V, lo=10mA 472 500] 528 |V
Output Voltage (24V Out) Vo4 V+=12V, [o=4mA 227 | 240 | 253 |V
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NJM2359

® Block Diagram

Current Limit (C.L1) E E’ Feedback Voltage (NF1)

Durrent Limit (C.L2) E ZI Feedback Voltage (NF2)

GNDE
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External Inductor (Lx) |4 EIV’
REFERENCE VOLTAGE

_G—_I Timing Capacitor (Cx)
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NJM2339

¥ Typical Characteristics

Reference Voltage vs. Supply Voltage Supply Current vs. Supply Voltage
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NJM2359

B Typical Applications

1) Step-Up Switching Regurator (Low Current)
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2) Step-Up Switching Regurator (High Current)
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NJM2349

u Typical Applications

3) Step-Down Switching Regurator

VBAT

4) Inverting Switching Regurator
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{note) The operating voltage of the NJM2904 is 3.0V to 32V. Use a low operating volgtage operational amplifier instead of the
NIM2904 when Vaar is used at 3V or less (2.6V to 3.0V). In this caseoperatiomal amplifier output Voltage should be

greater than VRer.
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NJM2359

B Design Equations

Component Step-UP Step-Down Inverting
Rt Ri=R3X10 R1=RsX10 Ri=R3x10
Vour-Vrer Vour-Vrer Vour
R: Jout” Trer Zour” TREr Zour
I I I
R VRer VR&EF VReF
: T h L
2.5X10° 2.5x108 2.5%10°
Cx(pF) Fo(Hz) Fo(Hz) Fo(Hz)
L 0.3(Vaat)(Vour-Vaat) 0.3(Vour) 0.3(Veat)(|Vour|)
Fo(Iroapn)(Vout) Fo(Iroap) Fo(ILoap) (Veat+|Vout])
C 2{Vout) — (Vaart) ILoap 0.15(Iroan)(Vaat + 2| Vout|)?
4Fo(Vour) Ve 4Fo(Vg) Fo(Vsat){(Veat+|Vout|) Vr
Re 35(Vsar) 35 35(Vaar)
(ILoan){Vout) ILoap (ILoan) (Veat+{Voutl)
Rs 5 (Vear)? 5(Vaar) 5(Vpat)?
(ILoan)(Vour) ILoap (ILoan) (Veat+|Vourl)
Rs 350(Vsat)
(ILoan) (Vour)
R 50(Vpat)?
(ILoap) (Vour)
1L =1001A

Vsar : Battery Voltage
Vout : Output Voltage
Vrer . Reference Voltage
Vr :Ripple Voltage
Iroap : Load Current

Fo : Oscillator Frequency
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NJM2359

B Typical Characteristics (Application)

Step-Up Output Voltage vs. Battery Voltage Step-Up Efficiency vs. Battery Voltage
(I =10mA, Cx=50pF, C;=100xF, (I.=10mA, Cx=50pF, C,=1004F,
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NJM2359

B Detailed Description

The NJM2359 is a low power switching regulator IC containing a current protection circuit which may be used as a step-up, step-down

and inverting regulator.

The NJM2359 consists of a reference, oscillator, amplifier comparator, and switching transistor. Output voltage is controlled using the PWM

method.
The NJM 2359 employs band gap as a reference voltage. The oscillator frequency is set

by the value of the capacitor connected to pin 6.

The amplifier has an open-loop gain of 80dB and IMHz bandwidth. The converted voltage of the output current of the external resistors is
sent to pins 1 and 2 of the over current protection circuit. Over current protection characteristics are determined by the value of the external

resistors.

B Terminal Explanation

Pin NO. Symbol Function Inside Equivalent Circuit
1 CL1 Non-inverting input with offset
voltage of comparator 3 of the
over current protection circuit.
v+
91 {81 81 81
COMP-1
8k
2 CL2 Inverting input of comparator 3
of the over current protection
circuit.
GND
] |
2 1
I=10pA
3 GND Ground
4 Lx Switching transistor open collec-
tor output v
60 A
O
NOR GATE 4
20062 $
GND
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NJM2359

B Terminal Explanation

Pin NO. Symbol Function Inside Equivalent Circuit
5 v+ Supply Voltage
6 Cx Sets oscillator frequency by con-
necting capacitor v+
COMP-2
‘F‘_ 18 1044
COMP-1
—— GND
6 <
7 NF 2 Amplifier Qutput

Comparator 1 inverting input

10 A ’ , 20uA

Vesr

8 NF1 Amplifier inverting input

GND

® Operation Description

The internal block diagram is shown in Fig.l and the waveform is shown in Fig.2. The oscillator OSC charges and discharges the capacitor
attached to pin 6 between the lower limit one Vgg and the upper limit three V. there is a square waveform at point a, a triangular waveform
at point b. By putting two input signals (a, b) into COMP-2, output (point ¢) voltage is held at high level during the rising period of the
triangular waveform and the switching transistor is kept off regardless of the COMP-1 and COMP-3 output levels. Accordingly, the maximum
duty ratio is 50 percent.

When COMP-2 output level is low, the switching transistor with high COMP-1 output is turned off and the switching transistor with low
COMP-1 output is turned on. The function of COMP-1 is thus pulse width modulation. When the AMP output waveform is d, the COMP-1
output waveform is like . NOR GATE output goes high only when two input signals (c, e) are low. The falling period of the triangular
waveform is like . NOR GATE output goes high only when two input signals (c,e) are low. The failing period of the triangular waveform
is thus the pulse width control range.

When the differential voltage which arises at the over current detection resistor exceeds the COMP-3 offset voltage, the COMP-3 output
is low and the switching transistor turned off.

New Japan Radio Co.Lid 4-97
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NJM2359
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NJM2359

B Notes
1. Minimum Operating Voltage
Minimum operating voltage is V*=2.6V at 25C and the temperature coefficient is negative. Please take this into account during
designing.
2. Oscillator
The oscillator frequency is set by a capacitor attached to pin 6.
3. Amplifier
Since the AMP source current is 204 A maximum, the feedback resistor connected between pins 7 and 8 should be over 100kQ2.
4. Switching Transistor
Due to the fact that the switching transistor is protected from malfunction by parasitic effect, the NJM2359 does not have to be clamped
by external components.
5. Over Current Protection
Connect to ground pins 1 and 2 when not using over current protection.
In Fig.5-1, the input voltage of E, and E; of COMP-3 is

Ei= VoR l_:R +VeL oo (1)

Ez=(Vo+IoR
R o 2=(Vo+lo S)R+Rb

}W o If the COMP-3 input voltage is taken to be E; =E; , the output current lo
Re

R which is detected as the over current is
<

E, Yo Ra

Vo R +Ra Re

—
COMP-3 o+
Ei Vo %Rb Ra IoRs ~R——&(V Ry +VeL)—Vo

+V +
cL={(Vo IoRs)R+

Ry = ° Re+Ra

,1, o _RatRy R Re
Figs-l Ry Re+Ra R.+R

_1 R.+Rp R4
=g "R VR TR R+R

6. Constant Current Limiting Ry to Ry are the comparator input voltage range adjustment resistors.
In order to make constant current limiting, design with conditions Ra=R.,

Vo Rp =R4 . The comparator input voltage range is —0.3V to V+—2V. If

the output voltage Vo is within this range, R, to Ra are unnecessary (Fig.
6-2). When Vo < 0V, R, should be inserted into the GND side (Fig.6-3).

Ra =Re , Rp =Ry are substituted inlo formula (3).
1 R.+Rp Re
=g, & V®FiRR +R.,
_1 Ra+Rp
R, Rs

Ra =0, Rp =infinity are substituted into formula (4).

)+ Vedl

)+ VeL) -eeeee (3)

)+ Vel

1
Fig6-1 lo=g Veu-(s)

E,

3 E [
comp-3 Ei o comp 3 B

Fig.6-2 Fig.6-3
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NJM2359

7. Foldback Current Limiting

Vo

Fig.7-1

Rs
COMP3 E, Vm. %Ru

Fig.7-2

. l‘?

4-100
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R, to Ry are set as desired. If the output voltage Vo is within the
comparator input voltage range, Rc and Rs are unneccesary.
Formula (3) can be applied as the design formula without any changes.

1 R. + Ro
o=, Vo (R AR +R )+ Vol
R. =0, Rd =infinity are subsntuted into formula (3).
R. + Rb
To= 7 |Vo(l—-R +R )+ Vet
-1 M Re Ly
BB COReRr v @
note 1:  When shorted, Io 5VcL/Rs current flows.
note 2:  If the over current protection is applied with the chopper method
Step-up, the output current rises quickly when Vin exceeds Vo.
This is because, circuitwise, the input and output are shorted even
though the switching transistor is turned off.
note 3: The noise portion of the output voltage increases due to over

New Japan Radio Co. Ltd

current protection. In order to restrain this noise, either increase
the capacitance of an output capacitor or insert an RC filter as
shown in Fig.7-3.

Vo
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B Typical Characteristics

Current Limit Sense Voltage Current Limit Sense Voltage
vs. Supply Voltage vs. Temperature
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