






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Input/Output Condition
(VDD=5V: 10%) (VDD =3V *10%)

VIH =22V VIH = 0.8xVDD
VIL = 0.8V VIL = 0.2xVDD
VOH z 2.2V VOH = 0.8x VDD
VOL s 0.8V VOL = 0.2xVDD

(VDD =5V +20%)

VIH = 24V
VIL = 0.4V
VOH z 2.4V
VOL s 0.4V

M PACKAGE DIMENSION (Unit: mm/inch)

* RP5C62 (18pin DIP)

21.8 MAX

(.976 MAX)
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e T e N e N e I e 0 e B e M
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B FUNCTIONAL DESCRIPTION

1. Addressing

Address Bus BANK 0 (BANK=0) BANK 1 (BANK = 1)

a3jaz]aifao Description p3 [ b2 [ bt | oo Description p3 | p2 | b1 | Do
0]0 0 0 O | Second Counter R/W Ss S S2 Si Cyclic interrupt select Reg. W/0 | CT3 CT: CTi CTo
1[0 0 0 1|10 sec. 1 S+ S0 Sio | Adjust Reg. w/0 ADJ
210 0 1 0]! min. 1 Ms M« M: Mi | Alarm | min. Reg. R/W | AMs | AMs | AM2 | AM)
310 0 1 1|10 min. t Mso M2 Mio | 1 10 min. 1 AMw0 | AM20 | AMiwo
410 1 0 0]1hour 1 Hs H4 H: Hi |11 hour t AHs | AH4 | AH2 | AHi
5|0 1 0 1]10hour t ol:/l?m Hio |t 10 hour 1 :;::fl‘m AHio
610 1 1 0]|dayof week t Wi w2 Wi
710 1 1 1]1day 1 Ds D4 D2 D1
8|1 0 0 0]10day 1 D2 Dio
911 0 0 1|1 month 1 MOs | MO« | MO2 | MO:
All 0 1 0] 10month t MOuo | 12/24 select Reg. w/0 12/24
Bl1 0 1 1|1year 1 Ys Ya Y2 Y: | Leap Year Reg. ://3 oE LY1 | LYo
clt 1 o of10yer t | vo | Yo | ¥ | Yio | Timer Clock Select Reg. ‘;;g R": ™: | T™: TL"’:;’G
Di1 1 0 1|Control Reg. | W/O |WTEN|ALEN| TMR |BANK /| Control Reg. 1 W/0 |[WTEN|ALEN | TMR | BANK

1 1 1 0control Reg. 2 ://vov BSY crro | AL | xste | Control Res. 2 ://‘3 BSY crec | atro | xsre

F[1 1 1 1]Control Reg.3 W/O |TSTA | TSTB |WTRST Control Reg. 3 W/0 | TSTA | TSTB |WTRST

Note 1) R/W bits can be read and written. R/O bits can only be read. W/O bits can only be writtgn.
Note 2) It is no problem to attempt writing to R/O bits and don’t care bits, but the attempt will fail.
Note 3) If W/O bits and don’t care bits are read, the returned value is 0.

2. Counter/register functions
1) Clock and calendar counter {addresses O to C of BANK 0) {read and write)

The clock is in units of hour, minute, and second. The calendar function includes year,
month, day and day of the week.

* Data is expressed in BCD codes.

12- or 24-hour time display is selectable for clock output. The display in the hour counter
is as follows:
12-hour display: AM12-AM1--<—>AM11-PM12-PM1—>>PM11-AM12

(The P/A bit indicates AM when 0 and PM when 1.)
24-hour display: 0—+—23—-0
Write to the hour counter after selecting 12- or 24-hour time display by the 12/24 select
register.
The day-of-week counter is a septinary counter, and is incremented when carried to the
day counter.
(Count W4*W2:W1=000—001-010—+—110-000)

Note 1) DO NOT write values which are not valid (such as AM15, or February 30). This

causes misoperation.
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2) Cyclic interrupt select register (BANK 1 address O) (write only)
* Selects the cycle for cyclic interrupt based on the INTR output and the output mode.

CT3|CT2|CT:1|CTo INTR Description
* | 0 010 “‘OFF” Inhibit cyclic interrupt
* (0O 1 2048 Hz Cycle T 0.488 ms (2048 Hz)
* | 0 1 0 1024 Hz T 0.977 ms (1024 Hz)
* [0 1 1 128 Hz T 7.813 ms ( 128 Hz)
* |1 010 16 Hz 1 62.5 ms ( 16 Hz)
* 1 0 1 1 Hz T 1 s( 1Hz)
* 1 1 0 1/60 Hz 1 60 s (1/60 Hz)
* 1 1 1 “ON” INTR Output=“L"
0 * * * Pulse mode Cyclic pulse duty 50%
1 * * * Level mode Note 1)

Note 1) INTR

4 f A
interrupt (interrupt) interrupt
Write O to CTFG

Note 2) INTR and Second Count-up
(pulse mode (1 Hz or 1/60 Hz select)
INTR l I l

—»| }e—30.5,s
Second Count-up——-’

@level mode (1 Hz or1/60 Hz select)

INTR

—>{ }¢—30.5,s
Second Count-up 4

3) Adjustment register (BANK 1 address 1) (write only)
* The adjustment register is for correcting seconds of clock and calendar counters. The
second is adjusted by writing 1 to the ADJ bit.
(a) When the second is 00 to 29: Makes the second counter 00, and does not carry
to the minutes counter.
(b) When the second is 30 to 59: Makes the second counter 00, and carries to the
minutes counter.
® |t takes 122.1 us at most to complete the adjustment after writing 1 to the ADJ bit.
The BSY bit of the control register 2 is set to 1 until adjustment is completed. During
that time, do not write to or read from the clock or calendar counter.
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4) Alarm register (BANK 1 addresses 2 to 5) (read and write)
* This register stores hours and minutes for the alarm.
e Data is expressed in BCD codes.
(DO NOT write invalid values such as AM15. This causes misoperation.)

5) 12/24 select register (BANK 1 address A) (write only)
e When the 12/24 bit of the 12/24 select register is 1, the 12-hour time display selected.
If it is O, the 24-hour time display is selected.
e Set the 12- or 24-hour time display before adjusting the clock or setting the alarm.

6) Leap year register (BANK 1 address B) (write and read)

* This register indicates leap years. When LY1=LYo=0, itis a leap year. (LY1 and LYo are
read only.)
Every time the year counter is incremented, LY1 and LYo change as follows:
00-01—-10—11-00.

e Setting the year counter automatically sets the leap year register. (A leap year is set when
84, 88, -+ and 00 are set to the year counter.)

 The LYE bit can be written to. It performs leap year operation when set to O, and does
not when set to 1. Writing to the year counter sets the LYE bit to O.

7) Timer clock select register (BANK 1 address C) (write and read)
¢ Selects the input clock for the timer counter (in the write mode).

TM3|TM2|TM1|{TMo T1 Note 1) T2 Note 2) T3 Note 3)
ol x| | « Timer Inhibit Note 5) .- .-
(TMOUT = OFF)

1 0j01]0 562 ms 562 ~ 626 ms 625 ms
1 0|01 281 ms 281 ~ 313 ms 312.5 ms
1 0 1 0 140 ms 140 ~ 157 ms 156.3 ms
1 0 1 1 70.3 ms 70.3 ~ 78.2 ms 78.13 ms
1 1 0ol|o 35.1 ms 35.1 ~ 39.1 ms 39.06 ms
1 11011 17.5 ms 17.5 ~ 19.6 ms 19.53 ms
1 1 1 0 8.78 ms 8.78 ~ 9.77 ms 9.766 ms
1 1 1 1 4.39 ms 4.39 ~ 4.89 ms 4.833 ms

Note 1) The maximum time for the reset cycle (maximum reset cycle when used as a watch-dog timer)
not to output L from the TMOUT output after resetting the timer counter (writing 1 to the
TMR bit of the control register 1).

Note 2) Time between the timer counter reset and the ‘‘L’’ pulse output from the TMOUT output.

Note 3) The cycle of a pulse output from the TMOUT output when the timer counter is not reset (That
is, when used as a free-run timer. However, the time between the timer counter reset and
the first pulse output from the TMOUT output is T2. The cycle for the second and subsequent
pulses is T3).

Note 4) When CE="''L"’ (battery backup), the timer stops (TMOUT output = OFF).

Note 5) When oscillation stop is detected (XSTP bit="1), the TMa3 bit is reset to O and the timer is
inhibited (TMOUT output = OFF).

Note 6) When TMs bit=0, the timer counter is reset.
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* When the TMOUT output is ‘'L"’, the TMFG bit is ‘‘H’’ (in read mode).

TMOUT

TMFG

LI |
—» |<~0.24-lms
rl

|<———-Tl—-——><——-——T2~——><-—T3—>l

t ﬁ

Writing 1 Writing 1
to TMR bit  to TMR bit

8) Control register 1 (address D of BANK O or 1) (write only)
¢ Correspondence with data buses

D3
WTEN

®OWTEN bit ........
@ALEN bit .........
®TMR bit ..........
®BANK bit .........

D2 D1 DO
ALEN TMR BANK

When the WTEN bit is 1, clock counting is valid. When it is O, clock
counting is disabled (carrying of seconds is inhibited). This bit is also
used when reading the time. (To read time, this bit is set to O, then
returned to 1 after reading. If a carry pulse is input to the seconds’
counter while WTEN =0, the seconds’ counter is incremented by only
+ 1 for compensation when WTEN bit is returned to 1. Only one carry
is compensated correctly by + 1. Even when there are two carries, only
one carry is compensated.) When the CE input terminal is ‘‘L’’, this bit
is set to 1.

When the ALEN bitis 1, the INTR output becomes “’L"’ if the specified
alarm time and the actual time match (alarm match operation). When
this bit is O, the alarm match operation is disabled.

Writing 1 to this bit resets the timer counter. This bit is used for watch-
dog timers.

The BANK bit is for switching the address banks. When this bit is set
to O, BANK O is selected. When set to 1, BANK 1 is selected.
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9) Control register 2 (address E of BANK O or 1) (read, partially write)

e Correspondence with data buses
D3 D2 D1 DO
BSY CTFG ALFG  XSTP

(®MBSY bit ...... When the BSY bit is 1, DO NOT read or write the time or calendar. The

BSY bit is read only.
This bit is set to 1 in the following cases:

(i) *30 second adjustment
— MAX122. 148 —vl___

Write 1 to ADJ bit Adjustment completed

(i) +1 compensation
(When one second is carried
for compensation when re-
turning WTEN from O to 1.)

(iii) Normal one second carry
F— 91.64s —T— 30.54s —L

Carry to the second counter

e MAX122.1us  —]
1 s

Write 1 to WTEN bit + 1 compensation completed

(iv) WTRST
(Resetting the 8 Hz to 1 Hz fe—  MAX122.1ps
dividers) L
Write 1 to WTRST bit Reset completed

@CTFG bit ..... The CTFG bit is set to 1 when cyclic interrupts occur (INTR="/L"). The
CTFG can be read. Only O can be written to it. A value of 1 cannot be

written to it.
When CT3 bit=0 CTFG | | I |
(pulse mode)
INTR | I | I

When CT3s bit=1 CTFG l
(level mode)
INTR l

When CTs=1 (level mode), writing O to this bit makes the INTR output ‘OFF’’
(in pulse mode, a write is not possible).
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®ALFG bit ........ The ALFG bit is set to 1 when there is an alarm match interrupt
(INTR="'L""). The ALFG can be read. Only O can be written to it. 1
cannot be written to it.

ALFG l l__J

INTR

A A

Alarm match Alarm match Alarm match
Write 0 to ALFG bit

When ALFG = 1, writing O to this bit makes the INTR output ‘'OFF"’.

@XSTP bit ........ The XSTP bit is an oscillator stop detection bit, and is set to 1 once
oscillation stops. This value is maintained even after oscillation restarts.
When power is initially applied, this bit is set to 1 before oscillation
starts. This bit can be used for determining whether the clock or alarm
data is valid. The XSTP bit can be read. Only O can be written to it.
A value of 1 cannot be written to it. When an oscillation stop is detected,
the TMa bit of the timer clock select register is reset to 0, and the
timer is inhibited (TMOUT output = OFF).

10) Control register 3 (Address F of BANK O or 1) (write only)
e Correspondence with data buses
D3 D2 D1 DO
TSTA TSTB WTRST

@OTSTA bit ....... The TSTA bit is a test bit. Writing O to this bit sets the test mode. Set
this bit to 1 at initialization. This bit is set to 1 when CE="'L"".

@TSTB bit ........ The TSTB bit is a test bit. Writing O to this bit sets the test mode. Set
this bit to 1 at initialization. This bit is set to 1 when CE="'L"".

®WTRST bit ..... Writing 1 to the WTRST bit resets 8 Hz to 1 Hz dividers. The reset is
released and counting starts a maximum of 122.1 us after 1 is written
to this bit. This bit is used to adjust the values of the seconds and lower
counter.
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1. OSCILLATOR
1) Oscillator circuit

Recommended crystal oscillator is:
32768 Hz Cl value=35 kQ
Recommended working ranges of

RP/RF5C62 DD vwo  Ca and Co are:
! Cc: 5 pF to 35 pF
0SCOUT w1CD Co: 5 pF to 35 pF
v N RF: Typical 8 MQ built in

) = 32KHz RD: Typical 250 kQ built in

:OSCIN T ¥, CG
IN

PRI [ U |

Figure 1

The oscillation circuit for 5C62 can be made up from a 32 kHz crystal oscillator and two

capacitors externally attached as shown in Figure 1. The 5C62 has a feedback resistor (RF),
a stabilizing resistor (RD), and an inverter built in.
A crystal oscillator with Cl (series resistance) value equal to or smaller than 35 kQ is
recommended. To fine-adjust the oscillation frequency, use either CG or Cp as a trimmer
capacitor. The oscillator circuit of the IC is driven by a constant voltage circuit using VDD as
reference, so connect one side of the oscillation capacitor to VDD, not to VSS.

2) Note in design using the oscillator circuit
To design a PC board around the oscillator, consider the following:

(a)
(b)

(c)

(d)
(e)

Locate the crystal, Cg, and Co as close to the IC as possible.

DO NOT route a signal line or power line near the oscillator (especially near segment
A in Figure 1).

Raise the impedance between the OSCIN and OSCOUT terminals and the PC board
sufficiently.

DO NOT route OSCIN and OSCOUT in parallel or with long conductor runs.
When there is a possibility of condensation on the PC board due to changes in the
environment, it is recommended to coat the soldered part of pins 16 and 17, crystal
oscillator, Cg, and Cb on the PC board and the routing of OSCIN and OSCOUT with
dampproofing materials. This is because condensation often stops the oscillation.
When the oscillation stops, the oscillation detection flag is set and the timer is disabled
at the same time. So, to use the functions of the oscillation detection flag or the
timer, take precautions to prevent oscillation from stopping due to condensation.



3) Measurement of oscillation frequency
To check the frequency of the crystal oscillation, set the internal registers as indicated
below. Use a frequency counter to measure the clock output from the INTR terminal. DO
NOT attach a probe directly to the OSCIN or OSCOUT terminal; the Cc and Co values change
after a probe is attached, affecting the oscillation frequency, so it cannot be measured
correctly.

' Control register 1 « (1)H | ALEN bit is 0O, BANK bit is 1.
l —_— ———

| Control register 3 « (C)H |  TSTA and TSTB bits are 1.

I Control register 2 « (OH I CTFG and ALFG bits are O.

l

ICycIic interrupt select register « (1)HI

CTs, CT2, and CT1 bits are O, and CTo
bitis 1.

To write to a register, set the CE terminal to H. After the above processing, a 2048 Hz clock
signal is output from the INTR terminal (which must be pulled up to VDD with a resistor).
(To measure the frequency in a precision of about 1 ppm, use a frequency counter with a
six to seven digit display.)

4) Fluctuation in oscillation frequency
After mounting the crystal oscillator, the crystal oscillation frequency fluctuates according
to the externally attached oscillation circuit capacity (Cg, Cp), power supply voltage, and
changes in the ambient temperature. Figures 2 to 5 show examples of these typical
characteristics.

Figure 2 Typical oscillation frequency characteristics when Co is fixed and Cg is varied

Figure 3 Typical oscillation frequency characteristics when Ca is fixed and Co is varied

Figure 4 Typical oscillation frequency characteristics when VDD is changed

Figure 5 Typical oscillation frequency characteristics when the ambient temperature
is changed

Note) Figures 2 to 5 do not indicate absclute deviation of oscillation frequency (that is,
precision); they indicate relative deviation from a certain base point.
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(pPM)

+80

+60

Figure 2 Typical oscillation frequency characteristics VS Ca

(Reference value)

& 140
[}
=]
g R
&
§
:‘; +20 \
3 i
o
g
% 0 \ \ : \:30 : - c6
g 5 10 2D 20 50 op
G B \ CD=5PF
2
5 -20 \ AN
e \ \
(Af) |
40 \ T~ CD=10PF
-60 :\\
\ T CD=20PF
-80 ~ CD=30PF
Notes) 1. VDD=3V, TA=25°C, measured with crystal oscillator type KF-38G,
manufactured by Kyocera
2. The relative change in oscillation frequency (ppm) is expressed by Af. Afis
the amount of change relative to the oscillation frequency at Cc= 14 pF, which
is the middle value of the recommended operation range of Cc (5 to 35 pF)
when Co=10 pF.
fosc (Cg, Co) — fosc (Ce=14 pF, Co=10 pF) 6
Af = x 10° (PPM
fosc (Ca=14 pF, Co=10 pF) ( )
3. The absolute deviation of the oscillation frequency d’ep_ends on the frequency

deviation of the crystal oscillator. Use the above figure as a reference for the
relative changes by Ca.




(PPM)
+40

+20

(=1

Relative change in oscillation frequency
ro
S

i
oo
o

(af)

-100

Notes) 1.

2.

Figure 3 Typical oscillation frequency characteristics VS Co

(Reference value)

} CD

. s
5[\ 10 \2 30 40 50 (pr)

\ CG=5PF

Q

(G=10PF

_ NN

N

\ T CG=20PF
\\\\‘\\

CG=30PF

VDD=3V, TA=25°C, measured with crystal oscillator type KF-38G,
manufactured by Kyocera

The relative change in oscillation frequency (ppm) is expressed by Af. Afis the
amount of change relative to the oscillation frequency at Co= 14 pF, which is
the middle value of the recommended operation range of Co (5 to 35 pF) when
Cec=5 pF.

Af = fosc (Cg, Cp) — fosc (Ca=5 pF, Co=14 pF)

6
fosc (Ca =5 pF, Co=14 pF) x 107 (PPM)

. The absolute deviation of the oscillation frequency depends on the frequency

deviation of the crystal oscillator. Use the above figure as a reference for the
relative changes by Cb.
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(PPY)

Relative change in oscillation frequency

(A1)

Notes) 1.

2.

Figure 4 Typical oscillation frequency characteristics VS VDD

(Réferen;:e valixe)
+1
1.0 2:0 3;0
0 VDD
, /—-——-—-"“' 40 50 6:0 )
-1

TA=25°C, Ce=5 pF, Co=10 pF, measured with crystal oscillator KF-38G,

manufactured by Kyocera

The amount of relative change in oscillation frequency (ppm) is expressed by Af.

Af is the amount of change relative to the oscillation frequency at VDD =4V.
fosc (VDD) — fosc (VDD =4V)

= 6
af fosc (VDD =4V) x 10° (PPM)

. The relative change amount is rather large around 2V, because the oscillation

circuit is driven by a regulator of about 2V. Voltage driving the oscillation circuit
is out of the constant voltage range of the regulator at around 2V. The change
has almost flat characteristics above about 2.5V, which is in the constant voltage
range.




Figu

Relative change in

Notes) 1.

2,

re 5 Typical oscillation frequency characteristics VS ambient temperature

Ambient temperature

-10 0 10 20 30 40 50 60 ()

WSJ TN

TA

(Reference value)

Ny
1
5N

SN

A
P

/

‘\
H
_~

\

(PPN)
=60

“!A ,v.
~5C The above  40°C

N~
Relative change in
».oscillation frequency (A

o

¢, range extended ]
V (‘C)

o 0 5 10 20 30 40 TA
Y 2= =20\
= /4 )
5] 4 D
5 s / \
& i \ ¥BD=6V
=] // \
=} (4 Unh=2.Ey \
'5 / UL VY \\
3 / \
2 Q) S \
° I

(PPM)

VDD = 2.5 to 6V, Ce=5 pF, Co= 10 pF, measured with crystal oscillator KF-38G,
manufactured by Kyocera
The amount of relative change in oscillation frequency (ppm) is expressed by Af.
Af is the amount of change relative to the peak value when VDD =6V and
TA=22.5°C.
fosc (VDD, TA) — fosc (VDD =6V, TA=22.5°C) 6

fosc (VDD=6V, TA=22.5°C) x 107 (PPM)

Af =

. The lower figure shows an enlarged view of the range 5°C to 40°C from the

upper figure.

. The temperature characteristics of the oscillation frequency mainly represents

characteristics of the crystal oscillator itself. Generally, the oscillation frequency
temperature change amount (Af) of a 32 kHz crystal oscillator is expressed as
follows:
Af=K(TO—TA)? K: temperature coefficient
TO: temperature at peak value for the oscillation
frequency (around room temperature)
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K and TO vary with the crystal used.
Reference) KF-38G was used, and the values are as shown below:
K= —0.038 (PPM/°C) TYP (TA=—15 to 60°C)

5) Adjusting the oscillation frequency

The crystal oscillation frequency is determined by the following six items:

(i) Frequency deviation of the crystal (iv) Oscillation circuit characteristics of
oscillator itself the IC

(ii) Values of external Cc and Cp (v) Working power supply voltage

(iii) Floating capacity of the PC board to (vi) Ambient operating temperature
be mounted

One of the keys to improving the clock accuracy is to match the frequency rankings*" of the
crystal oscillator to IC and mounting PC board. The following explanation on the general method
to adjust the oscillation frequency takes it into consideration.

*1) For 32 kHz crystal oscillators, oscillation frequencies are usually classified into several
rankings based on the dispersion in manufacturing. This is because 32 kHz crystal oscillators
are often used for clocks, which require high accuracy, and their frequencies must be
matched to those of ICs. Variation in one ranking is £20 PPM in most cases. The crystal
manufacturer, however, determines the rankings according to the load capacity values
in a standard circuit, and rankings generally overlap.

@ Using fixed Ca and Co

Prepare a crystal whose frequency ranking is known (it is best to use one with a central
value in the ranking). Mount the crystal on the actual PC board together with the IC, Cg,
and Co. Change the CG and Cp values and measure the oscillation frequency to look for
appropriate Cc and Co values. Note, however, that larger C and Co values are apt to make
the oscillation start time at the initial power-on longer (not including power rise from a backup
voltage, when the circuit has performed oscillation once). In general, the fixed Cc and Cp
values may set to about 5 to 20 pF (Figure 16 shows an example of measurement at the
oscillation start time). If the oscillation frequency is not in the desired range, it is recommended
to use a crystal with a different frequency ranking. After changing the frequency ranking
of the crystal, repeat the above procedure to determine the CG and Cp values. Consumed
current varies a little with the Cc and Cb values. See Figures 8 and 9 for reference.

(@ Using a trimmer capacitor for Cc to fine-adjust the frequency (with fixed Cb)

Prepare a crystal whose frequency ranking is known (it is best to use one with a central
value in the ranking). Mount the crystal on the actual PC board together with the IC, Cg,
and Co. Set the rotation of the trimmer capacitor to be little less than central, as the center
of frequency deviation falls at about 14 pF when Ca is from 5 to 35 pF. Change the Cb value
and measure the oscillation frequency to look for the appropriate Co value. Taking Figures
6, 8 and 9 into consideration, the Co value may be set from about 7 to 15 pF. If the
oscillation frequency is not in the desired range, it is recommended to use a crystal with
a different frequency ranking.

After changing the crystal, repeat the above procedure to determine the Cp value. After the
Cbo value and frequency ranking are determined as above, the oscillation frequency can be
fine-adjusted by a trimmer capacitor. The 32 kHz crystal oscillator frequency falls when the
ambient temperature rises or falls, so it is recommended to adjust the oscillation frequency
a bit higher when adjusting it at room temperature (for higher accuracy, it should be O to
1 PPM faster).
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® Using a trimmer capacitor for Cp to fine-adjust the frequency (with fixed Cg)

When using a trimmer capacitor for Cp, the procedure is the same as . The fixed Ca value
may be 5 to 15 pF.

Figure 6 Oscillation start time VS Cg

(SEC)

(Reference value) | CD=39PF

(9]

E /

§ / / €D=30PF

w

8 yd

&

% / / CD=20PF

I 1 g

o // / CD=10PF
/,// /// .CD=5FF.
9
__——z_.." -

0 10 20 30 40 6

0 r)

Notes) 1. VDD =4.5V, TA=25°C, crystal (Cl=35 kQ)

2. The oscillation start time is defined as the time between the power on and the
clock output to the INTR output (at the same time as power on, the internal register
is set to output a clock from the INTR output.) The average values of three trials
are plotted on the graph.

3. The oscillation start time varies with the crystal oscillator and the PC board to
be used. Use the above graph as a reference only. (When VDD has a smaller value
than that in section 1., or when the ambient temperature is low, the oscillation
start time is apt to be longer than shown in the above graph.)
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6) Others

@ Operating 5C62 by a 32 kHz signal from an external oscillation circuit
The inverter of the 5C62 oscillation circuit is driven at a constant voltage by a regulator
of about 2V. Direct input to the OSCIN terminal by DC connection is not possible. The
oscillation circuit inverter has internal negative feedback, biased to the center. Input by AC
connection is possible.

OSCIN |, TTL or CMOS
I oscillation circuit

1
3 32kHz
I

C =about 20 to 50pF
Figure 7

Consider the following:

When using an external clock, the oscillation stop detection circuit is out of the guaranteed
operation range. DO NOT use the oscillation detection flag (XSTP bit). When the oscillation
stop detection circuit detects an oscillation stop by mistake due to noise from an external
circuit, the TM3 bit of the timer clock select register is reset and the timer is stopped. Keep
this in mind when using the timer. When the timer is stopped (TM3 bit is O}, resetting the
XSTP bit to O and setting the timer clock select register reactivates the timer.

(@ Driving another IC from the oscillation output (OSCOUT output) of 5C62
The oscillation circuit of 5C62 is driven at a constant voltage of about 2V, so the amplitude
of the oscillation output waveform is about 1.6 to 2V. The oscillation circuit operates at
low power, so DO NOT use the OSCOUT output for another circuit.

@ The oscillation circuit of 5C62 operates at low power. After oscillation has started, touching
the OSCIN or OSCOUT line by hand may stop oscillation temporarily. DO NOT touch the
OSCIN or OSCOUT line after oscillation has started.
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2. CONSUMED CURRENT

1) Rest current consumption
Backup current consumption .......... VDD =2.5V, CE="'L"", output open
Standby current consumption ......... VDD =5.5V, input: VDD or VSS, output open
Here, the rest current consumption (equivalent to backup current consumption and standby
current consumption) is defined as the current consumption when there is no access from
the CPU. The consumed current varies with Cg, Co, VDD, and ambient temperature. Figures
8 to 11 show these typical characteristics.

Figure 8 Typical rest current consumption characteristics when Cbo is fixed and
Ca is varied

Figure 9 Typical rest current consumption characteristics when Ca is fixed and
Co is varied

Figure 10 Typical rest current consumption characteristics when VDD is varied

Figure 11 Typical rest current consumption characteristics when ambient
temperature is varied

When the CE input is at VSS level, the terminals for interface to the CPU (CS, RD), WR,
A3 to AO, D3 to DO) are disabled. The rest current consumption does not increase according
to the input voltage level of the signal input to those terminals. When the CE input is at VDD
level, the interface terminals are enabled. When the input voltage level of the interface
terminals is an intermediate voltage other than VDD and VSS levels, current flows in the
input circuit, increasing the current consumption. At that time to reduce the current
consumption, set the input voltage level to either VDD or VSS level.

2) Operating current consumption

Operating current consumption is defined as the current consumption when there is access
from the CPU. The consumed current varies with clock rate and input logic level of the signal
accessed from the CPU. Figure 12 shows an example of the relationship between the clock
rate of the signal accessed from CPU and the current consumption during CPU access.
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Figure 8 Typical rest current consumption characteristics VS Ca (With fixed Cb)

(nh)
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g
k=i
B (Reference value)
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(Ist) CD=10PF
1
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10 20 30 40 50 (PF)

Notes) 1. VDD =3V, TA=25°C, crystal (Cl=35 kQ)
2. The above figure shows typical characteristics. Use it for reference only.

8-103



Figure 9 Typical rest current consumption characteristics VS Co (With fixed Ca)
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2. The above figure shows typical characteristics. Use it for reference only.
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Figure 10 Typical rest current consumption characteristics VS VDD

(uh)

(Reference value)

Rest current consumption

(Ist) /
1

VDD
(v)

Notes) 1. Ca=5 pF, Co=10 pF, TA=25°C, crystal (Cl=35k Q)

2. The change in current consumption is rather large around 2V, because the regulator
which drives the oscillation circuit is out of its constant voltage range. Current
consumption changes smoothly above about 2.5V, which is in the constant voltage
range.

3. The above figure shows typical characteristics. Use it for reference only.
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Figure 11 Typical rest current consumption characteristics VS. ambient temperature
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Notes) 1. Cc=5 pF, Co=10 pF, VDD =2.5V, crystal (Cl=35 kQ)
2. The above figure shows typical characteristics. Use it for reference only.
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Figure 12 ‘Measurement operating current consumption during CPU access
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Notes) 1. Cc=5 pF, Co=10 pF, TA=25°C, crystal (Cl=35 k)
2. Clock is input to CS, RD, WR, A3 to AO at the CMOS level. The graph shows
an example of the relationship between the clock frequency and operating current
consumption.
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3. CONNECTION TO CPU

1) 1/O interface circuit

CE -——@>o—
43-00— T * >——Address
D ——g

[}
WR ——:@“—— Write
D3~D0 ——— @ Data bus

Read

Note) C: CMOS. logic input
* : TTL logic input
T : TTL fan out of 1

Figure 13

2) CPU connection circuit

When the CE input is at ‘’H’’ level (0.8 VDD or
more), the device enters the operation mode and
the CPU can access to the device. When reading,
there is no problem if the RD and CS inputs
become ‘'H’" — “'L’" — ’H’' in the same cycle.
When CE is “’L'’, the device enters non-access
mode, and even when the A3 to A0, RD, CS, WR,
and D3 to DO terminals are floating, no through
current flows in the input circuit. The “’L’’ level for
the CE input is 0.2 VDD or less. But if it is higher
than the VSS level, through current may flow in the
inverter ‘‘C’* shown in Figure 13. So, when making
the consumed current very small, set the CE input
‘L'’ level to the VSS level. Connect the output of
the CPU system power reduction detection circuit
to the CE input.

Figure 14 shows an example circuit for connecting 5C62 to an 8-bit or 16-bit CPU.
If the CPU is fast, the timing in the example of Figure 14 may not be adequate. Check the
operation speed of the CPU to be used and the AC timing characteristics of 5C62.

3) AC timing

According to the voltage of VDD, three AC timing standards are set: VDD =3V (£ 10%),
VDD =5V®(+ 10%), and VDD =5V@)(+20%). To operate the system with low power
consumption, an effective method is to reduce VDD. For that purpose, an AC timing standard

of 3V is set.
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Figure 14 Example of CPU connection

Z80 and 5C62 6809 and 5C62
280 5C62 6809 5C62
Av~dys =)
As~Ars " Address = o T Address —
TORQ }—>{Decoder s BS—>pecoder cs
BA —>9
A; "Ag > As~Ao A: ~Ao > A: "An
D, ~Do K——————{D,~Ds
Dy ~Do K————]0.~Ds i _
- o ] e —
D 0 _
W iR | Do —m
Poverdown CE Powerdown CE
detector - detector M
8086 and 5C62 68000 and 5C62
8086 5C62 68000 5C62
Address ~slFE Ai~aa Address s
Decoder cs i Decoder Cs
] %_‘; As~Aq Ay~Ao
ALE Ro~r s D, ~D, \,L‘:‘)D ~D,
Axs"ts :> BHE e e

BHE Latch
ADg~y s D;~Do %g %ﬁ

WR WR

Poverdown CE Poverdown CE
detector detector
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4. POWER SUPPLY CIRCUIT

1) Power supply switching sequence

There are two types of power supply: the supply for system operation and the battery
for system stand-by. To switch between these supplies, vary the CE input terminal level
as shown in Figure 15.

Lower limit of CPU

System power / operation voltage
supply voltage V/ 4

¥ Battery voltage
CE 7(—-
0.2VDD~ .2VDD

i
" i

Figure 15 MIN 04S MIN 0uS

VDb —

To switch to the battery voltage, decrease CE to the ‘’L’’ level before the voltage goes
lower than the CPU operation voltage. To switch to the system power supply, wait until
VDD is higher than the operating voltage of the CPU and set the CE input to ‘“H’’ level.

2) Power supply switching circuit

Figure 16 shows an example of the circuit

System power supply around the power supply circuit. In the

5C62 example, a lithium battery is used. Locate
% the capacitor as close to the IC as possible
INTR| (if ‘possible, use a ceramic capacitor of
THOUT 0.014F or more and a tantalum capacitor in
parallel). Connect one side of the oscillation
0SCIN —— circuit capacitor to VDD (the oscillation
=] circuit is driven by a negative regulator from
0ScouT —T—-—| : VDD, with VDD as reference).

VDD ) Pull up the INTR and TMOUT outputs to the
system power supply side so that no invalid
L b current flows from the battery during battery
T 7 backup (the INTR output operates when
CE="'L"", and the TMOUT output does not

vSs T operate when CE="L"").

|l]—

Figure 16
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5. EXPLANATION OF OPERATIONS

1) Operation

(a) Write
To write values to the internal counter register, set the CE terminal ‘’H’’ and specify
the counter register address at terminals AO to A3. Then set the CS terminal ‘’L’’ and set
the WR terminal “’H’* = “'L"* = “’H’* (CS and WR may become 'L’ at the same time,
or WR may become ‘’L’’ first). Likewise, the data input to DO to D3 terminals are written
internally. Read-only bits are not affected by this write operation.

(b) Read
To read the internal counter register, set the CE terminal ‘’H’’ and specify the counter
register address at AO to A3 terminals. Then set the CS terminal “’L"’ and set the RD terminal
“H* > *L"* (CS and RD may become ‘’L’’ at the same time, or RD may become *'L"’ first).
Likewise, internal data can be read from DO to D3 terminals. Write-only bits are reset to
0 by this read operation.

(c) Clock, calendar
5C62 has an hours/minutes/seconds counter in BCD code for the clock and a leap
year/year/month/day/week register and counter for the calendar. When the year is specified
by the dominical year, leap year operation is automatically performed. After setting the
year, you can set the leap-year register not to perform the leap-year operation.

(d) Alarm
5C62 has alarm registers (hours and minutes) for generating interrupts at specified time.
These registers may be used for daily alarms. An alarm interrupt can operate even when
the CE terminal is “’L’’ (such as during battery backup), and is output from the INTR terminal.
Alarm interrupt and clock interrupt are ORed together and output from the INTR terminal.

(e) Clock interrupt

A timing clock interrupt or level interrupt can be output from the INTR terminal every
0.448 msec to 60 sec. The counter for this interrupt is the same as the counter for the
clock, so the clock interrupt cannot restart. 0.488, 0.997, 7.813 and 62.5 ms interrupt
cycles are not affected by clock operations. The 1-sec interrupt cycle is affected when
1 is written to the ADJ bit or the WTRST bit. The 60-sec interrupt cycle is affected when
1 is written to the ADJ bit (for the effect of the ADJ bit, see the next section, Software
Processing, * 30 sec adjustment of the seconds digit. When operating the WTRST bit,
the change timing of the INTR output is the same as that of the ADJ bit). Clock interrupt
is output even when CE is “’L’’ (such as during battery backup).

(f) Timer interrupt

5C62 has an independent timer counter. You can select a timer interval from 4.883 ms
to 625 ms. The timer output is output from the TMOUT terminal. The timer can restart,
and can be used not only as an ordinary timer but also as a free run timer or a watch-dog
timer. When CE is “’L’’, the TMOUT terminal is OFF and timer operation stops temporarily.
When CE becomes ‘’H’’, the timer restarts and it outputs pulses. When the XSTP bit is
set to 1 upon detection of oscillation stop, the timer operation is disabled. (At that time
the D3 bit of the timer clock set register is reset, and the timer is reset.) The timer is affected
by the output of the oscillation stop detection circuit, so set the XSTP bit to O when using
the timer (if the oscillation is not stopped, the timer starts operation when the timer clock
select register is set even when XSTP=0). For a fail-safe system using a timer, it is

8-111



recommended to have a routine to write the timer cycle setting data occasionally to the
timer clock select register.

(g) Oscillation stop detection

5C62 has a built-in circuit to detect oscillation. When the oscillation detection circuit
detects an oscillation stop, the internal XSTP bit is set. This bit is set to 1 when the power
supply voltage decreases and the oscillation stops, and is maintained at 1 even if oscillation
restarts. This bit is also set to 1 at power-on, and is maintained at 1 even if the oscillation
restarts. The minimum working voltage for oscillation is about equal to the sum of the
threshold voltage of MOSTr of Pch and Nch. Internal data is held as long as oscillation
is maintained.
The XSTP bit can be used to judge whether the system has risen from OV or from the
battery voltage, or whether the backup batteries are weak. To use the XSTP bit, consider
the following: condensation on the PC board may stop the oscillation and make the XSTP
bit 1. Prevent condensation around the oscillator beforehand. Also, take care to prevent
temporary power failure and check the layout of the PC board around the oscillation circuit.

2) Software processing
The following is an example of software processing. Flowcharts are shown later.

(a) Processing when power is turned on.

Atinitial power on, internal conditions are not determined, initialization is required. There
are two flowcharts for processing at power on: one does not use the XSTP bit, the other
uses it. The XSTP bit can be used to judge the validity of the internal data at initial power
on. In the second example, the XSTP bit is used for judging the necessity of initialization
routine.

(b) Read and write of-clock and calendar

The clock and calendar must be written to only while a carry is not performed. When
writing data, stop the clock by setting the WTEN bit to O, and check that a carry is not
being performed, using the BSY bit. Also, the clock and calendar must be read only while
a carry is not performed, because wrong data may be read while carry is performed. To
prevent this, it is recommended to use one of the following three methods for reading:
(@ Stop the clock temporarily, and read the value while the clock is stopped. If the clock
is stopped for 1 sec or less, the clock does not delay and there is no problem (even if
the system enters the backup mode while the clock is stopped, the clock starts counting
when the CE terminal becomes ‘’L"’. If it does not become ‘’L’’, counting must be started
by the software).
@ Use a clock interrupt to read the value.
® Read the clock twice, and judge it correct if the two values match.

(c) Writing to alarm clock
Example of writing the alarm time.

(d) *30 seconds adjustment of the seconds digit
Shows an example of +30 seconds adjustment of the seconds digit.
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Power on procedure () (XSTP bit is not used) Power-on procedure @) (XSTP bit is used)
(Initialization follow) (as when batteries are used)

Internal register and output

r Considerations in using XSTP
terminal values are not de-

termined when the power

is turned on from OV.

TSTA, TSTB
WTRST  « 1

v

-0

-1

WTEN, ALEN
TMR, BANK

\

TIMER CLK + OH

SELECT REG.

v

Cyclic interrupt + OH
SELECT REG.

Processing to make the
.. INTR and TMOUT out-
puts ‘‘H’* (OFF)

BSY=07?

1. Prevention of oscillator con-
. .

TSTA, TSTB « 1
WTRST -1

v

t

WTEN, ALEN
TMR, BANK

t

v

Cyclic interrupt « OH
SELECT REG.

. Prevention of temporary

VDD failure

. Prevention against noise by

PC board design for the os-
cillation circuit

Processing to set the
/'INTR output to “‘H’’
; (OFF)

* { TMOUT is “H" (OFF)
when XSTP=1)

No

CTFG, ALFG + 0
(XSTP + 0)

Setting
12/24-hour time dis-
play Clock, calendar
Alarm time Cyclic
interrupt TIMER out-
put cycle

l
|

To raise VDD from OV, a wait time
is required to activate the 32 kHz
crystal oscillator. Also, set the
timeout processing to escape
from this loop‘.

.

After setting the clock and alarm,
set WTEN or ALEN to 1 to acti-

vate them.

2
9

lock and alarm time need not be set when VDD
judged to have risen from backup voltage such

3 batteries by another processing route.

-

CTFG, ALFG +~ 0
XSTP -0

Setting
12/24-hour time dis-
play Clock, calendar
Alarm time Cyclic
interrupt TIMER out-
put cycle

This is the path when the internal data is
judged to be valid.
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Write of clock and calendar or read of clock and calendar (O

... Set this once before writing to the clock.

F2l24-hour time display sﬁ}

Set it at power-on initialization.

i}

WTEN < 0
BANK «~ 0

When the BSY bit is 1, continue reading until it
.~ becomes 0, or wait at least for 122.1ps.

Write to clock and
calendar

OR

Read of clock and
calendar

. If the one-year or ten-year counter is written to, the {eap year operation is
performed (There is no need to set the leap-year register). To disable the leap-
year operation, write 4+ (LYE = 1) to the leap-year register after setting the
clock and calendar (writing to the one-year or ten-year counter sets LYE to
0). There is no problem if an invalid value occurs during setting. Make it a
valid value, however, before returning WTEN to 1 (leap year operation is
performed without compensation until 2099).

WTEN « 1

l -

v

WTEN is set to 1 when the CE inputis ‘’L’’ (such as when the system power
is off).

- Make the reading time 1 second or less. If it is 1 second or less, the carry that occurred
while reading is compensated by the increment when WTEN is returned to 1. If itis longer
than 1 second, two carries may occur, and compensation is made only once when WTEN
is returned to 1, resulting in a delay of 1 second.
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Read of clock and calendar (2

\|/ (Note 1)

When INTR is set to the level ..
" mode interrupt (D3 bit of the cy-
clic interrupt select register is 1)

Interrupt to CPU
by the INTR out-
put of 5C62

(Note 2)

When reading the clock and calen-
dar finishes within (INTR set cy-
To interrupt processing of other ICs cle — 30.5us) after the INTR out-
put goes ‘‘L". (To prevent reading
mistakes due to a carry during
read)

Read of clock and
calendar

y
|

* This read is possible when the above two conditions (notes 1 and 2) are met.
If the INTR set interrupt cycle is short, be careful of the interrupt processing
time.

Read of clock and calendar ®

Reading the 1 se- |,
cond digit of the Rl S
clock

-+ Carry of the clock and the calendar is performed in the following order:
1 second digit (address 0) = 10 seconds digit (address 1) = ... =
1 year digit (address B) — 10 years digit (address C). (including delay
time). Read the clock-in the order from address 1 to address C.

Reading the clock
and calendar (ad-
dress from 1 to C)

Rereading the 1 The path for re-reading to prevent wrong values from being read, when
second digit of the """ the first 1 second digit data does not match the second data because
clock data is read before and after the carry.

Is the same
data read in the one
second digit for the first

..o The path when the values are correctly read.
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Write of alarm time

L

ALEN « 0 , if aniinvalid value is set in the alarm register, it is no problem; the alarm match
" operation is just not performed. After setting ALEN to 1, however, set an
BANK « 1 & :
# invalid value.

Writing alarm (imeﬁr‘
(hour, minute) When the alarm time is set to the same time as the clock, either of the
" following occurs:

ALEN = O: ALFGis 0. o

ALEN = 1: ALFG is set to 1 and INTR to ‘L'’ within 61.1ps.

| Reference)
When the ALEN bit is 1 and the clock matches the alarm time, ALFG=1
and INTR="'L"". There are two ways to set INTR =''OFF’* and ALFG =0:
writing O to the ALFG bit and writing O to the ALEN bit. After writing O
to the ALEN bit, returning the ALEN bit from O to 1 while the clock matches
the alarm time, ALFG becomes 1 and INTR becomes “'L'’ within 61.1us
at most.

+ 30 seconds adjustment of the seconds digit

y

[ BANK + 1 I The 8 Hz to 1 Hz divider below the digit of second is reset and restarted.
. When a clock interrupt of 1-second or 60-second cycle is set and INTR=""L"",

< INTR becomes OFF in the timing shown below.

(There is no effect on INTR if the cycle is other than 1-second or 60-second.)

| abs «~1 |

f OFF

Writing 1 %,

Moo

to ADJ Up to 200us

Up to 122.1us is required to finish the adjustment. During the adjustment,
the BSY bit is 1.
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2-Dimension Filter 5C67

User Manual

NO. EU-005-8908
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5C67

B Space filtering

Space filtering means to extract specific

. . . . Processed pixel
information and elements required for input sec pix

image data. It is analogous to general FIR type Neighbor pixel area
filters (such as low-pass and band-pass filters for l
communications), performed on image data that a b c d e
consists of i X j dot matrix. -

To perform image filtering on pixel m in f € h 1 J
Figure 1, output M is calculated by equation (1) k 1 m n o
from point m and from data of surrounding p q r s t
points (neighbor pixel areas, for example, from
point a to point y). u v w x y

Figure 1 Input pixels
M=aXW;;+bX Wi+ ...+ mX Wj3

F e F Y X WSBB i (1)

Wij is a two-dimensional filter coefficient as

- . . '} 1
shown in Figure 2. Performing the operation on 11 1z 13 14 s
all input pixels enables space filtering. 21 22 23 24 25
Space filtering enables various image pro- - 2z Vas 2a as
cessing, for example, smoothing images, ex-
41 42 43 44 45

tracting edges, and enhancing edges. To
smooth images, specify filter coefficients as s1 sz s3 s4 s
shownin Figure 3. The neighbor pixel data items
are averaged by equation (1) as follows:

M=§g @a+b+c+..+m+..+Yy)

Figure 2 Filter coefficients

1/25 | 1/25 | 1/25 | 1/25 | 1/25

With the output of the average value, pixels 1725 | 1/25 { 1/25 | 1/25 | 1/25
are smoothed. This operation can be used to 172511725 | 1725|1725 | 1/25
elirrTinate fine noise or.v images.. ' /25 | 1725 | 1725 | 1/25 | 1/25

Figure 4 shows the filter coefficients for edge
enhancement, which displays characters 1725 | 1/25 | 1/25 | 1/25 | 1/25
clearly.

Space filtering can be applied to various
types of processing by changing filter
coefficients.

Figure 3 Filter coefficient example

-1 -1 -1 -1 -1
-1 -1 -1 -1 -1

Figure 4 Filter coefficient example

RIGOK—
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5C67

B Outline of 5C67

Space filtering takes a long processing time when performed on a general-purpose CPU or DSP. So
it is necessary to write all image data to memory before filtering, which makes it difficult to perform
real-time filtering. Also, when a special IC for filtering is designed with gate arrays, filter coefficients must
be fixed because the circuit scale is large, which means different gate arrays must be made for different
types of processing. RICHO’s two-dimensional image filter RF6C67 solves these problems. RF56C67 is a
special LS| that performs space filtering on 5 X 5 pixel area quickly and flexibly.

e High speed: 25 ns/pixel max.

e Flexible: Possible to change filter coefficients

M 5C67 Features

5 X 5 image area flat surface filtering

o Operating frequency: 20 MHz

» Processing speed: 25 ns/pixel (Odd-Even mode, two 5C67s use)
50 ns/pixel (Serial mode, one 5C67 use)

e Pixel data: 6-bit, integer

o Coefficient data: 7-bit, two’s compliment, changeable

Number of input data items: 10 (Odd-Even mode)
5 (Serial mode)

e CMOS process

e +5 V single power supply

o Package: 100-pin flat package

e Rounding: When the calculation result is a positive value and overflows, it is

rounded to 63 (maximum value).
When the calculation result is a negative value:
Rounded to O

. Selectable
Absolute value is taken>

— RIGOX
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5C67

B Operation

RF5C67 contains 15 multipliers, a divider,

Product
and an FA block that performs rounding. Figure ] f:{::)ga&;‘:t ]
4 shows the internal block diagram.
Product
X . — sum calcu-
(1) Product sum calculation unit lation unit
Performs product sum calculation of five i
data items for each main scanning line. gﬁ;, ‘éﬁc‘,. ﬁgﬁiﬁon ] Bri‘\i':sion ] gf})ck .
(2) Addition unit lation unit
Adds the resultant data of the product sum Product
operation for five lines. sum calcu-
L X lation unit
(3) Division unit
Divides the resultant data of the product Product
. . -~ sum calcu- —
sum operation of 25 pixels. lation unit
(4) FA block \
Rounds the final result of space filtering, Enlarged figure of pmduct
and obtains the final output result. sum calculation unit

Figure 4 Block diagram

RIGCORN——
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5C67

(a) Filter coefficient

To perform MTF compensation (edge enhancement) with the coefficients shown in Figure 5, regard
these coefficients as shown in Figure 6. Specify coefficients 0, — 1, —2, and 32 to the 15 multipliers
and coefficient 1/16 to the divider.

To specify coefficients to multipliers and dividers, use address inputs Ag to A4 and CS and WS
terminals.

Filter coefficients must be symmetrical, or with reverse sign, to the sub scanning lines, including
the attention pixel. So there are 15 coefficients as shown in Figure 7. For specification, enter those
15 coefficients and 10 plus and minus signs.

e -1 Vis | Voo | Voo [EVaaftls,
YA -1 -2 [-1 Wan | Vaz | Voo [EVaatVsy
LLL g P LU Lty oo | 82]-2 [ -1 Pk Wan | W | Voo [£Uaqt¥
16 8 ‘““8” 16 g ']'6’" 31 32 33 |—= Wazf-- Va1
LT%'— {l} 'i’il;' -1 -2 -1 Was | Waz | Vaa i'waziw41
Lié_ -1 w5;1 wsz wsa iwsztwau
Figure 5 Figure 6 Figure 7
(b) Serial mode and Odd-Even mode ——- Main scanning direction
RF5C67 performs space filtering in two
m(geSS: ial d Dyi| Diz| Dia| Digf Das| Daefr e ocfre v
erial mode
@Odd-Even mode Dz1| Daa| Dzs| Daa| Das| Dagl oo
In the serial mode, one pixel data item is Dai| Daz| Daa| Dag| Das| Dagf ="

entered for each of the five main scanning
lines (totally five data items) simultane-
ously, and one pixel processing resuit is
output. The processing speed is 50 ns/pix-
el max.

In the Odd-Even mode, two pixel data items
are entered for each of the five main
scanning lines (totally ten data items) si-
multaneously, and two filtering results are
output for one line simultaneously. This
gives processing twice as fast as that in the serial mode: 25 ns/pixel. However, in the Odd-Even
mode, two RF5C67 filters must be used.

Das| Dsz| Daa| Dya| Das| Dagf*r =+ **
Dsa| Dsz| Dsa| Dsa| Dss| Dsg = *f "~
Dea| Dez2| Dea| Des| Des| Des| = =*f "

Sub scanning direction ¢«

The following explains the processing of the image data shown in the above figures in the serial
and Odd-Even modes:

—RIGOK
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5C67

@ Serial mode

Figure 8 shows a 56 X 5 area, with the
pixel to be filtered at the center. Enter the
five pixel data items on the same sub
scanning line in order, and synchronized
with the clock. The processing results are
output in order, after a certain delay time,
in synchronization with the clock.

For example, when pixel data items are
entered in the following order: (D11, D21,
D31, D41, Ds1), (D12, D22, D32, Da2, Ds2), (D13,
D23, D33, D43, Ds3), ..., filtering results are
output as follows: F(D33), F(D34), F(D3s), ...
The same pixel data item must be entered
to two terminals, for example, data for the
firstline to input terminal DAl and DAII, and
the data for the second line to DBl and DBII.

@ 0dd-Even mode

As shown in Figure 9, enter two continu-
ous pixel data items (Odd data and Even
data) for the five main scanning lines (10
data items altogether) simultaneously into
two RF5C67 filters, in synchronization with
the clock. One RF5C67 (Odd mode) outputs
filtering results of Odd data, and the other
RF5C67 outputs the filtering results of
Even data at the same time.

For example, when pixel data items are
entered in the following order: (D11, D12,
D21, D22, D31, D32, D41, Da2, Ds1, Ds2), (D13,
D14, D23, D24, D33, D34, D43, D44, Ds3, Dsa)...,
0Odd mode RF5C67 outputs (D33), and
F(D3s), and Even mode RF5C67 outputs
(D34) and F (D3s6) simultaneously.

D2.DaDin

Da2D3Daq

D DaDya

Des.Der D

DD Dya

Dz Dia
D2z Dia
Dy D2
Ds2 Dia
Dt Dia-
Dez Dia

Dst Dun- 1

Ds2 Dun
Der Dsa

Dez Dsn -

D1 DazDay t DAT
DAl

D33, D320y ql)m Oa~
DAT

“DinDiDu 'EI)AI CLK

DAT
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F= XX F(D33), F(Dy, ) F(Dyp—1)XX
XX, F(D), F(Dy) -

DaseDasDar DAL
[ DAR
De3Dsa.Dsy '['" DAl soMs F-T (- Undefined)
e IV
Figure 8
=Dy Du DAL
B — Ml " scer0
= Das Doy DBT 044 mode
= Da D2z s
Dy Dy ————1114{ PCI O | X,F(D3), F(D3s) , F(Dyy)
<Dy Dyp —— 14 1 F(Dyy), F(Des)
‘Do D ———1 pDI
SDe Da ——pHHHH
< Dsy Dsy 1} L bet SPMS |5,
D Doy H «n OEMS |5,
LH pat
7 " scer®
T8B! Even mode
Oos |- X,F(Da0), F(Dse) , (D)
F(Du), F(Des) s F(Da)
DEI SPMS [,
u OEMS —3
Figure 9
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The Odd and Even modes are switched by OEMS (Odd-Even-Mode Select) input. When the OEMS

terminal is LOW-input, RF56C67 is in the Odd mode. When the OEMS terminal is HIGH-input, RF6C67
is in the Even mode.

For the Odd mode, enter pixel data as follows:
D14, D13, D1s, ... to DAI

D12, D14, D1s, ... to DAII

For the Even mode, enter pixel data as follows:
D11, D13, D1s, ... to DAl
D12, D14, D1s, ... to DAI

The same thing goes for pixel data for the second to the fifth lines. The serial and Odd-Even modes
are switched by SPMS (Serial/Parallel Mode Select) input.

The table below shows the SPMS terminal input and OEMS terminal input used in each mode:

Mode SPMS OEMS
Serial Mode H X
Odd L L
Odd-Even
Even L H

X: don’t care

— RIGOR
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(c)Value format
The following explains the value format for input data, coefficient data, and output data.

@ Input pixel data
Input data is a positive 6-bit integer.
0O=D=63
®@ Coefficient data
Coefficient data is a 7-bit integer, and expressed as two’s compliment.
—64 =W = 63
@ Internal intermediate calculation (product sum calculation)
The results of internal product sum calculation are expressed by 13-bit integers as two’s
compliment.
—4096 = X = 4095
@ Output pixel data
Output pixel data is expressed by a positive 6-bit integer. Filter operation results (divider output)
are expressed by 13-bit integers as described in step @), but they are rounded to positive 6-bit
integers in final output.
e Rounding of positive values:
Positive values equal to or larger than 64 are rounded to 63. When rounding occurs, the OVR output
terminal becomes "H".
o Rounding of negative values:
There are two ways to round negative values, selected by FA input:

When FA = "H": Negative values are expressed in absolute values. Values equal to or smaller

than —64 are rounded to 263.

When FA = "L": All negative values are rounded to O.
When the operation result is a negative value, the SGN output terminal becomes "H". Figure 10
shows the relationship.

FA=1 Calculation result csion Ogg.:jjun4 e R a6 505
-4095 -63 0 63 4095 | 4 -64-63-62-+-1 |0 |1 ---62 4 4- 5
g Final output 63--- 63 63 62--- 1 0 1 ---62 63 63 ...63
Final outout I OVR 1= 1.0 0~0]0[00 0 11
? SGN 1= 1 1 1-1[0[0 00 00
FA=0 Calculation result 0 63 . FA=“L”
-4095 -63 0 63 4095 " -4095---64-63-62---1 [ 0 [1 62 63 64 ---4095
g\ 4 } Final output 0 0 0 0 0 0 1 62 63 63 63
Fi \ / OR 1 1.0 0-0(0][0~00 1 =1
inal output
SGN - 1 1 1+~ 1{0[0-0 0 0--0
0 63

Figure 10

RIGOKN——
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(d) Entering coefficient data

To perform filtering using RF5C67, specify 15 multiplication coefficients and division coefficients.
Use terminals Ao to A4 and Do to D7, and input terminals CS and WR.

Ao to A4 are input terminals for selecting internal coefficient registers.

Do to D7 are data buses to enter coefficient data.

Coefficient data can be written with the CPU directly connected.

5
Ao ~As 7 Ao ~As
As
S Decoder s
CPU RF5C67
An

R/V —
B
I0STB [—

Do ~Ds 7 Do ~Ds

CPU 5C67

Figure 11 Connection to CPU

— RIGOX
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@ Multiplication coefficient

8-bit data is specified. Address input to select a coefficient register for each multiplier is expressed
in the table below:
The content of the 8-bit data is as follows:

D; D¢ Ds Dy Dy D, Dy Dy
[ P | Y
Y is 7-bit integer data expressed by two’s compliment as Wi1, Wiz, or Wi3. PM indicates whether
the sign of Wis and Wis is the same as that of Wi1 and Wi2 or is reversed.

When PM=0, Wis=Wi1 or Wia=Wi2
When PM=1, Wis=—Wi1 or Wia=—Wi2

0dd- | Ser-
For example, to enter as follows: A
Wi = 3 even | ial
Wi2 = 3 4 3 2 1 0 |mode|mode
Wiz = 3 0 0 0 0 0 Wis | Wie
Wis =3 0 0 0 0 1 | Wi, | Waa
Wis = -3 o | oo | 1] o |w,|w,
Enter data as shown below: 0 0 0 1 1 Wau | W.s
D; D¢ Ds Dy Dy D Dy Dy 0 0 1 0 0 Waa | Way
”’11|1|°|°]°|°|°J ]1| 0 [ 0| 1 | 0| 1 [Wu|Wa
V. =3 0 0 1 1 0 | Wi,y | Wy,
|__ 0 0 1 1 1 [ Wy, | Wi,
Wis=-Wia
0 1 0 0 0 | Wis | Wi
0 1 0 0 1 | We | W,
0 1 0 1 0 | Wez | Wa
W [0 Jo Jo JoJoJo 1] 0 [t [0 1 [ 1 |Wal|Wa
T 3 0 1 1 0 0 [ Wsi | Ws,
L, .=v,, 0 | 1 | 1 |0 | 1 [Ws|Ws
0 1 1 1 0 | Wey | W,

Filter Coefficient

o [ x [ o] o a] o] o] o] 1]
1 =

Don’ t Care

RICON—
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@ Division coefficient

The divider used in RF5C67 consists of
shifters and adders/subtracters. To specify co-

efficients, enter data to three registers. SW1 —=

Shifter 1

1) Divider operation principle E.
Figure 12 shows the block diagram of a A B
divider. PM1——={1 Adder/subtracter
Shifters 1 and 2 shift data to the right
arithmetically by O to 4 bits, and shifter 3 by B)
O to 5 bits. For adders/subtracters, use each 'i_h‘x_ft:__zl
PM input to select to perform addition of A

SwW2 ©
+ B (PM = 0) or subtraction of A — B (PM = E
1). When SW1 and SW2 inputs are O, the

input of the A-side of the adder/subtracter PM2 — <1 ﬁdde,/subt,acter'j
becomes 0, and the input from the B-side is
output as is. D)
When input data is X,
Amount of shift 1 is p, -
Amount of shift 2 is q, @El
Amount of shift 3 isr, ()
SW1 = SW2 = 1, and
PM1 = PM2 = O, Figure 12 Divider block diagram
Data at (A), (B), (C), (D), and (E) in Figure
12 are:
(A) = 2-p-X

(B) = X+2-PX=(1+2-P)X
C) = (2—p-X)-2—q=2—(p+q)-x
(D) = x+2—p-x+2—(p+u)~x=(1 +2—p+2—(p+q)).x
(E) = 2-(D)
oY = (2774 2P+ 2 ~p+atn)X

Therefore, 2—7 4+ 2—P+1 4 2-(p+r+al js the coefficient of the division.

As an example, let's divide 1 by 25.

1/25 can be described as follows:

1/25 = 2-5 4+ 2-7 4 2-11 4 2-12 4 2-13 4 |

As seen in (E), the divider can express three items of power of two. So we can say that 1/25
is roughly to 2-5 4+ 2-7 4+ 2-10(=0.040039).

— RIGCOX
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At that time,
r= 5 p=2
p+r= 7 q=3
p+q+r=10 r =5

So, to perform the division of 1/25, the amount of shift 1 must be 2 bits, shift 2 must be 3 bits, and
shift 3 must be 5 bits. (For other division coefficients, see the data sheet of 5C67.)

2) Specifying coefficients
To perform division, specify the three

shifter amount values described above and A
the values of SW1, SW2, PM1, and PM2 to
three registers. 413(2]1]0
The table on the right shows address input 1100|010 |LATCHL
to select the three registers. 1lololol 1 |Latchz
LATCH1 1[{0[0([ 1] O |LATCH3
D‘l 6 5 4 3 2 1 Du
[x]reui] swi]  shift 1 |
LATCH2
D’I 6 S 4 3 2 1 DU
[x[PMd sw]  shift 2 ]
LATCH3
D'I 6 S 4 3 2 1 DU
[x][x ] Shift 3

X:Don't Care

Substitute O or 1 for PM1, PM2, SW1, and SW2. For shifters 1, 2, and 3, enter the following data
according to the amount of shift:

[0 T 0T 00 JO0 T1 1] obitshift
[0 T o 0] 01 TO ] 1bitshift
[0T 0T 0] 170 JO ] 2bitshift

[0 T 0T 17 070 T0 ] 3bitshift

[0 T 17 0] 070 JO ] 4-bitshift

[T T O 0] 0] 0] 0] 5bitshift

Note: Be sure to enter one of the above data items for shift amount. Inputting any other data results
in misoperation.

RIGON—
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The following example indicates data to specify the coefficient for the division of 1/25. As described

before, PM1 = 0, PM2 = 0, SW1 = 1, SW2 = 1, shift 1 = 1 bit, shift 2 = 3 bits, and shift 3 = 5 bits,
so the following data must be input to each register:

LATCH1
D7 ] S 3 3 2 1 Du
(XJo T 1ol 0T 17 0J0]
T 1
PM1=0 SV1=1  2-bit shift
LATCH2
D7 ] S 3 3 2 1 Do
(xio [ 1] o] o] 0J0 ] 0]
T 1
PM2=0 SW2=1  3-bit shift
LATCH3
D'l (] S 4 3 2 1 DD
[xIx [ 1] 0] 0] of0 0 ]

5-bit shift
The table below shows data input for each register to perform 1/25, 1/15, 1/9, 1/3, and 1/8.

Division
coefficient

Address Input data

HEX
24
28
20
00
30
10
68
28
08
24
24
04
01
01

08
X: Don’t Care

~
o
«

olo|o|o|o|o|olo|o|~|+|ojo|o|o|T

»

~lojo|o|o|o|+|rro|o|o|o|=IO|T

@

olo|o|r|r|r|o|o|o|ojo|o|oio|+—|T
~
-
o

-
@]

1./125

1/15

179

1/3

1/8

[ N e L L R
N = O OINFIOINFIOIN| -
NEINIEIEIEIEIEIEIE Il )
HIO|O|IMIO|O| MO+ |H|O|o|M|O|C|T

o|l—|r|o|lo|o|o|o|o|o|o|o|o|o|o|T

ololo|o|r|rlo|r|rlol~|o|~|r|rlT
olo|ololo|o|o|o|olojo|o|o|o|o|u

—RIGOR
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M Timing chart

The figure below shows the timing chart and related to the clock and input/output pixels and AC
characteristics:

. CK1 |, CK2 { CK3 .LGI“‘I ______

L CK15 CK16 , CK17 ,CK18
~ T l 1 -1

M icve |
od LT LT LT PP L
Tist !‘_’!"lTiHD ‘
L
X 0 ) 0
Pixel m’o‘M‘o’M‘o‘m%’ -
input i
VY 9 $ O !
Odd-Even ;
mode Tirp : | oo
R I(Di3) XIF(Dis) X1(Di7)
Pixel
output \CROX!

XXX

D) GO G
|

( Tist l————“{ Tinp I

O () 0 0
R
Serial
mode
'I'I‘icn
FCi) X0 X
L .
I
Parameter’ Symbol MIN MAX Unit
Clock Cycle Ticyc 50 - ns
Input pixel Set-up Time TiST 30 - ns
Input pixel Hold Time TiHD 5 - ns
Output pixel Delay Time TiCD - 30 ns
Odd-Even mode 14 clock
Output pixel Pipeline Delay Time TiPD
Serial mode 15 clock

See data sheet for detail

RIGOH——
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B System configuration example

1 For operation in the serial mode

Image Data

CPU
WR Data
Data Bus
L Address Bus
Decoder
A0~ CS WR DO~ OE SET
A4 D7
1line Delay DAIO~5 A j
DAIIO~5 SPMS
1line Delay DBIO~5
DBI0~5
1line Delay —>| DCI0~5 5C67 0o~ 0,|-*> Output Data
DCI0~5
SGN
1line Delay DDIO ~5 oun
DDIIO ~5
DEIO~5
L-’ DEI 0~5 TIN
TEST
CLK TEST2

CLock (MAX 20MHz)

— RIGO
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2 For operation in the Odd-Even mode

CPU

WR Address Data

|
L]

Data Bus

Address BUS

.

Ed
DFF
AO~A4 TS W . Do~D; OE SET
|j 1line Delng? D1 QQ DAIO~S FA i

DANO~5

- SPNS

1 line Dela; D2 Q2 DBIO~5 oBMS Select

DBIO~5

‘:1 1 line Delay D3 Q3 DCIO~5 5C61
DCIO~5

1 line Delay D4 Q4 = DDI0~5 Output
Data
DDIO~5
Image Data ps Qs DRIO~S
CK —={ DEI0~5
TEST!
e TEST2
DFF N | ll
A0~A4 CS WR D,~D, OE SET|
DI Q1 DAT0~5
~ DALIO~S FA
Lofp2 @2 ~ DBI0~5 SPMS
~| DBIO~5 OEMs
\—, 3 = ~
D3 Q DCIO~5 5C61 [
=~ DCTO~5 0g~1 }—rf
D4 Q4 DDI0~S
DDNO~5 SGN
— D5 Q5 DEI0~S OVR
cK {—>{ DEZO~5 TIN
7 TEST!
1= 6Lk TEST2 |—
D Q
>——}CKQB

CLok
(MAX 40MHz)

RIGOR——
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H Outline

RX5VA series, developed with C-MOS processing technology are accurate, low-power-consumption
voltage detectors. The detectors include comparators, output drivers and hysteresis circuit.

The value of detect voltage is set internally, and is accurately controlled by Laser Trimming.

There are three types of output: N-ch open-drain, P-ch open-drain, and C-MOS. There are two
convenient packages: mini-power-mold and TO-92. The RX5VA series can be used as a reference
voltage supply for ICs in many applications.

B Features
® Extremely low power consumption . .............. ..., TYP. 1.0uA (VDD=3.0V)
o \Widevoltage range . . ... ..ottt i e e 1.6V to 10.0V
® Variety of detectvoltage . ........... ..o, 0.1V step
O High @CCUIaCY ... v vttt ittt it ittt e e e +2.5%
® Good temperature characteristic for detectvoltage ........... TYP. £100 PPM/°C
O OUtPUL OPLIONS . .o v ittt e e e e N-ch open drain,
P-ch open drain,
CMOS
®CompactPackage ...........cciiiiiiiii e TO-92, min-power-mold
B Applications
® Resets circuit of P-ch, N<ch, and C-MOS microcomputers
® Battery checker
® Logic circuit reset
® Level discriminator
® Waveform shaping circuit
® Switching circuit for battery backup
® Power failure detector
Bl Block Diagram B Pin Configuration
TO—92 Mini-Power-Mold
1] ouT O
I-I l—l I-I - )
]VDD 123 ! 23
i @ 1. OUT
—{3]vss 2. VDD
3. VSS
Fig. 1 Block Diagram Fig. 2 Pin Configuration
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B System Block Diagrams

Figure 2 is block diagrams of RX5VA series and shows the system with three terminals.
The system has three types of output drive : N-ch open-drain, P-ch open-drain, and C-MOS.

N-ch open-drain
(RX5VAXXAX)

P-ch open-drain
(RX5VAXXBX)

C-MOS
(RXBVAXXCX)

Block Diagrams

Time Chart

VDD

+VDET

-VDET

VSs

VDD

NESY | Np—

Package

3-terminals
mini-power-mold
TO-92

Fig. 3 System Block Diagram

8-141




RX5VA Appli. Manual

B Absolute Maximum Ratings

PARAMETER SYMBOL RATINGS UNIT
Supply Voltage VDD 12 v
Output Voltage VOUT | VSS—0.3~VDD+0.3
Output Current 10UT 70 mA
Power Dissipation Pd 300 mW
Operating Temperature Range Topr —-30~+80 °c
Storage Temperature Range Tstg —40~+125
Soldering Temperature Tsolder 260°C (10 Sec)

B Electrical Characteristics

Topr : 25°C
PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNIT
Detect Voltage | —VDET (;(\)/_gfg ) (X_ Ygg Y
Hysteresis VHYS (; (\)/25 m \
VDD= 2.0V 0.9 27
3.0v 1.0 3.0
Supply Current Iss 45V 1.15 345 HA
6.0V 1.3 3.9
10.0V 1.7 5.1
Operating VDD 15 10.0 v
Voltage
Nch
vDS=0.5V VvDD:1.0V 0.5
24V 36
3.6V 6.5
Output Current 10UT 46V 8.6 mA
6.0V ' 11.6
*10.0v 19.6
Pch
VDS=2.1V VDD:4.5V 0.04
Tempestrs | ACVOET) o Tessoc PP
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A Functional Description

—{JvobD 0 In the case of the RXBVAXXA
% type, the drain of the Nch. tran-
l SRa Pch sistor is connected to the OUT
R terminal.
- O In the case of the RXBVAXXB
L O_DOUT type, the drain of the Pch. tran-
Rb sistor is connected to the OUT
Vref Nch terminal.
Tr.1 oln the case of the RXBVAXXC
Re type, the drain of the Nch. tran-
sistor and the drain of the Pch.
- —{Jvss transistor are connected to the
OUT terminal.

Fig. 4 Block Diagram

Internal Conditions

Operating Conditions IR : :
@ @ : ® ® : ® Operating State | @ | @ ® @ | ®
: Comparator
: ; : Bé (+) Input Voltage I 1 I 11 I
Gancel +VDET R : ,
oltage \A $Hysteresis width / Comparator Qutput| H L L L | H
Supply  Detect _ypgT . . ;
Yoe Voltage N\ : Tr..1 OFF |[ON | ON |ON |OFF
X:
v‘i)rlxt.a%gerating p H Output Tr Pch ON |OFF Unstable OFF | ON
d R : X:
vss / i Nch |OFF |ON ¥ . | ON |OFF

Rb+Rc .
I Ra+Rb+rc " VPP

n. =Rb_ . vpp

Output Voltage * Ra+Rb

VSS

Fig. 5 Operating State Description

Description of Operation l

@ Output voltage is equal to supply voltage (VDD).

@ On the A point, Vref 2 VDD - (Rb + Rc) /(Ra + Rb + Rc) and then the output of the comparator
is inverted to VSS.
The A point shows the detect voltage (- VDET).

® When the supply voltage is smaller than the minimum operating voltage, the output transistor
becomes ““Unstable’” and outputs VDD voltage if the output is pulled up.

@ Output voltage is equal to VSS.

® On the B point, Vref £ VDD . Rb/(Ra+ Rb) and then the output of the comparator is inverted
to VDD.
The B point shows the cancel voltage (+VDET).
The hysteresis width is the difference between the cancel voltage (+VDET) and the detect voltage
(-VDET).
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B Measurement Circuit

Iss

VDD e——
} Voo

RX5VA
series

Vss
VSS

Fig. 6 Consumption Current Measurement Circuit

OouT
s

VDD
% Voo

RX5VA
series

} Vss

Fig. 8 Nch Driver Output Current Measurement
Circuit

Tout
OIT"1 4o0.5v

VSS

AN

.||_‘

VDD

1.0V P.G.

V8§ ——

+7.0V
VDD g Ro
100KQ
oyT ]
RXSVAXXA .
series ouT
2 Co

—e VSS

h V]

VSS ¢

Fig. 10 Propégation Delay Time Measurement
Circuit (1)

VDD

Voo Rn : RX5VAX XA

100KQ

RX5VA VDET
series

Rp : RX5VAX XB

%VSS 100KQ

VSS VSS

-,I_

Fig. 7 Voltage Detect Measurement Circuit

VDD
%VDD

Tout
Rs’:fi:’sA OUT—="_\pp—2.1v
% Vss
VSS VSS

Fig. 9 Pch Driver Output Current Measurement
Circuit

VDD +7.0V
Ro
6.0V 100KQ
Vop OUT
or Ll ee oL our
S§S——
Vss
VSSé + vss

Propagation Delay Time Measurement

Fig. 11
Circuit (2)
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B Example of the REBVA40C

2.5 I 5.0
Ta=80C 7
—_ P RL=100KQ
g 20 L 5 40
= L 25¢ 2
8 - / E
€ |5 A A avc— <)
) 7 >
= / 4// / /'/ )
5 //‘d L/ L I
s A 5
o
S 1.0 % ! S0
g =
: g
S 0.5 S 1.0
S /
0 1 2 3 4 5 6 7 8 9 10 0 1.0 2.0 3.0 4.0 5.0
Input Voltage VIN (V) Input Voltage VIN (V)
Fig. 12 Consumption Current — Input Voltage Fig. 13 Output Voltage — Input Voltage
20 5.0 T T
18 | RESVA40C —30C/25°CA
<% i VDS=0.5V ////BOC/
VINT] < *
g 1 /‘/ 3.0V I // )
— £
= -
oun 7 3 30 / /
€ 10 / = /
g / 2.5V ] /
38 < 5 2.0
2 -~ 3
5 6 5
g // 2.0V a
a4 { 5 1.0
L~ o /
2 T 1.5V
0 0.5 1.0 1.5 2.0 25 3.0 3.5 0 1.0 2.0 3.0 4.0 5.0
VDS (V) Input Voltage VIN (V)
Fig. 14 Nch Driver Output Current — Vbs Fig. 15 Nch Driver Output Current — Input
Voltage
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3.0 VD?;—
< RE5VA40C
= Ta=25¢C
5 1.5V
9 290 - ——
& - -
o
= v ﬂ
3
S |
5 1.0
g 0.5V
Ie) | —

0" 1 2 3 4 5 6 7
Input Voltage VIN (V)

Fig. 16 Pch Driver Output Current — Input Voltage

[ T i
I TTI )
RE5VA40A Y
10}
= /
£ iZg
a | teun L]
8
[}
£
‘_.
>
)
a p
107 A
tenf
10~ 10~ 10 107

Output Terminal External Capacity Co (uF)

Fig. 18 Propagation Delay Time — Output
Terminal External Capacity

4.4

4.3

4.2

4.1

Detect Voltage VDET

4.0

3.9

—40 =20 0 20 40 60 80

[
LR W
RESVA40A Ly
10
g //' /,
s . /|
QE) teLn =
£
>
-g touL
[a)
10 3t
10~ 10-® 10-2

I
RE5VA40C

B e 24

o ma— —VDET

Ambient Ta (°C)

100

Fig. 17 Detect Voltage — Ambient Temperature

10!

Input Terminal External Capacity Ci (uF)

Fig. 19 Propagation Delay Time — Input Terminal
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M Package Information

* SOT—89 Mini-Power-Mold - Plastic Package

L 4.5%0.]
1.5+0.1
+0.15
1642 = .. 0 4+0.03
‘[ \ H (104002 e Pin Configuration
wn
___________ -+ | ==H 1:0UT
PO AP 2:VDD
PO RIS R
]-A.. s--.l.a -+ in
+ =
I/

: 8 o Mark
1 iy ) 4003
/ \ 4_0.02 @@ : Type Number (Code Number)

: Lot Number

M m
LM
0.42+0.06] 0.47%0.06 0.42+0.06
1.510.%[_1.510‘1 UNIT : mm
Fig. 20
* TO—92 Plastic Package * TO—92 Plastic Package for Taping Method
| 5'2M.‘\X 4‘2MAX 5‘2MAX 4_2MAX
DOF@; " neo) »
< . - =
& ,
w "
= -
H ] Lgﬂﬂ AHM( 0.5MAX
1.27]1.27 D
E J
i tfz %
UNIT : mm
Fig.
0. 21 UNIT : mm

e Pin Configuration

1:0UT
2 VDD
3:VSS

e Mark

CORDBE®D® : Type Number
®O® : Lot Number

Fig. 22
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B Taping Specification
* SOT—89 Mini-Power-Mold - Plastic Package
® Tape Dimension and Direction

2 kinds of taping method (T1, T2) are available.

4.0+0.1
5.0+0.1 &1)3—0.05 $1.5+0.1
75
+
O O O O /oGO Prf 7t
2
' ( -
P noan onn ; : i,'
ol _\ﬂ_ i
TUuo. TUU p==y - }v'

w
8
-

N T
I T 1 ] I T 1 T 1=]

T1 Type T2 Type UNIT : mm

Fig. 23

® Reel Dimension

1000 pieces can be contained in one reel.

i
/@A
- STy _
\ 'p? Q70
“
e,
o e
\: e
§L+:l

$178+2 UNIT : mm

| { N
$13+0.05 f
80+1 &
k

Fig. 24
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* TO-92 Plastic Package

® Tape Dimension and Direction

2 kinds of Taping Method (RF, RR) are available.

=

12,7510,

24, 7MAX

19.0+0.5

16.040.5

< o ral
3 )\/ 9 7 o 7£0.2
- 1
12.740.3 $4.0£0.2
( ) ( ) CD Cb UNIT : mm
RF Type RR Type
Fig. 25
® Reel Dimension
2000 pieces can be contained in one reel.
UNIT : mm
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B RX5VAXXA Standard Circuit
(Nch Open drain)

B RX5VAXXB Standard Circuit
(Pch Open drain)

1 VDD 1 VDD
Voo Vun% Voo
CPU RX5VAXXB|OUT CPU
GND series GND
J. Vssi 100KQ J_
B RX5VAXXC Standard Circuit B RX5VAXXA Sprit Vbp Sources
(C—MOS Output) (Nch Open drain)
1 VbD VDD1 1 VDD2
Voo Von
Vop
OUT CPU
XXX o RX5VAXXA CPU
GND series ouT GND
Vss‘t J_ Vssj; l
B RX5VAXXB Sprit Vss Sources GND
(Pch Open drain) / (. M Operating
1 1 .
Voo - E
CPU GND
GND :
v —vss? i E
—-VSS2

B RX5VAXXA Propagation Delay Circuit (1)

(Nch Open-drain)
. R |
Von 100KQ Voo
RX5VAXXA|OYT, CpPU
series
GND

< T 1

VDD

B RX5VAXXA Propagation Delay Circuit (2)
(Nch Open drain)

Vop
CPU
GND
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B Memory - Backup Circuit

VDDe—p} .
I [ I |
D1 T Vee Vee Vee Vee
A o
-B . RAMI1 RAM2| |RAM3 RAM4
GND CS| |GNDCS| |GNDCS| [GNDCS
Iy I

B Voltage Level Indicator
LED Driver Circuit
(Nch Open drain)

B Voltage Level Indicator
LED Driver Circuit
(Pch Open drain)

VDD VDD

RXSVAXXA
series

M Higher Voltage Detector
(Nch Open drain)

VDD '
Detect Voltage =&a}g-b—m’- + (=VDET)
Ra

H ; _Ra+Rb

Olcjl RXEVAXXAL VoP A ysteresis Voltage Rb (-=VHYS)
series

C Rb Note) The detect voltage may be differ-
Vssi I ent from the calculated voltage value

1 due to the voltage drop that derives

- from increase of the current at the
Ra of the IC when the value of Ra is
large.

B Window Comparator Circuit
(Nch Open drain)

VDD

VDD VDETI
: VDET2

Voo ouT
VSS
RX5VAXXA|
series Vo]
ouT
Vss_(}_
= = = vss
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H Over-Charge Protection

Light Rl

é Solar

Battery

* Note

VDD

R
Voo

RX5VA
series

Vss

Fig. 27

ouT
—o

R4

Load

Fig. 28

1. Don't connect an impedance between VDD and Voo of the RX6VAXXB or the RX6VAXXC as

shown in Fig. 27, or oscillation may happen.

In use of the RX6VAXXA series, the detect voltage may change due to the voltage drop that
derives from increase of the current in the IC when R is large.

2. Don't connect as shown as Fig. 28 in all RX5VA series, or oscillation may happen.
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B Selection Guide

You can define several options, including output driver type, package and packing method with the
RX5VA series.
The devices are defined by the following characters.

RX5VAXXXX <« Type number

NS
t O
a b cd
Character Meaning

Defines the packaging type
E: TO-92 H : Mini-power-mold

Defines the voltage value that is to be monitored (—VDET)

b The monitor range is 2.00V to 6.00V in 0.1V units, with an accuracy of £+2.5%
Defines the output type
¢ A : N-ch open drain B : P-ch open drain C: C-MOs
Defines the packing method
A-T1: Taping-T1 type A-T2 : Taping-T2 type
d A-RF : Taping-RF type A-RR : Taping-RR type

B : Gluing (Gluing is for mini power mold package as a sample)
C: Electric conductive bagging (for TO-92)

Table 1
® Type Number Example
Voltage Detect (—VDET) . Output Driver .
Ty;l))e N<h P<h Package Pacll(:ng
X t

number MIN.(V) | TYP.(V) | MAX.(V) Open-Drain | Open-Drain C-M0s metho
RX5VA20AX O
RX5VA20B X 1.950 2.000 2.050 O
RX5VA20C X O
RX5VA21AX O
RX5VA21B X 2.048 2.100 2.152 O
RX5VA21CX e}
RX5VA27AX (e} A: Taping
RX5VA27BX 2633 2.700 2.767 O E: T082
RX5VA27CX (e} B: Gluing
RX5VA45AX O H: Minipower | C: Electric
RX5VA458 X 4388 4.500 4612 O mold Conductive
RX5VA45CX o (S0T-89) bagging
RX5VA47AX o
RX5VA47BX 4583 4.700 4817 o
RX5VA47CX e}
RX5VA55AX O
RX5VAB55B X 5.363 5.500 5.637 (e}
RX5VA55CX O

Table 2

* Consult the guide to determine specifications other than those shown in Table 2.  Use the type number.
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H OUTLINE

The RX5RA series, developed with C-MOS processing technology, are highly accurate, low-power-
consumption, fixed three terminal voltage regulators. They include reference voltage supply, error
amplifier, control transistor, and resistor network to control the output voltage. The output voltage
is fixed in the IC.

The RX5RA series are both available in two different types of package: mini-power-mold and TO-92.

W FEATURES
® Extremely low power CONSUMPLION ...cceveviiiiiiiieiieiineeeeeninnieeneenns TYP. 1.0uA Vout = 3.0V
e Small input-output voltage difference..............ccoeeeeecrveeeennne ... TYP.60mV lout=1.0mA
o Low temperature coefficient for output voltage ..........ccceeureennne TYP. +100PPM/°C
® Stable INPUL FALe .....ceeeiivierieee e s e e sare e e TYP. 0.1%/V
® Accurate OUtPUL VOITAgE ....cccceevivreerreeieieersiireeeereeeeseessessneecnee +2.5%
® Variety of output voltage levels ........cccccoevviieiiciiiicciieeeiieee e 0.1V step
® COMPACE PACKAGE ..veeeeriiiriniiiinieirrieesesiareeeesessienneesseessrnssessessesnns TO-92, mini power mold

H APPLICATIONS

e Constant-voltage power supply for battery-powered devices
e Constant-voltage power supply for camera, communication, and video equipment
e Stable standard voltage supply

l BLOCK DIAGRAM H PIN CONFIGURATION
TO-92 Mini-Power Mold

A Vout

Y I

—

o s I
123
VREF
- GND 1 GND
LT 2 Vin

Fig. 1 Block Diagram Fig. 2 Pin Configuration
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B ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATINGS UNITS
Input Voltage Vin +12 A%
Output Current Tout 150 mA
Output Voltage Vout Vin+0.3~-0.3 Vv
Power Dissipation Pd 300 mW
Operating Temperature Range{ Topr —30~+80 '
Storage Temperature Range Tstg —40~+125
Soldering Temperature Tsolder 260°C  10Sec
B ELECTRICAL CHARACTERISTICS
Topr : 25C
PARAMETER | SYMBOL CONDITION MIN. TYP.| MAX. |UNIT
(Vout) (Vout)
Output Voltage | Vout | Iout=10mA v
X0.975 X1.025
Vin—Vout =2.0V
Output Current | Iout Vout =3.0V 40 mA
Vout =5.0V 60
Vin—Vout =2.0V
Load Vout =3.0V
AVout ImA=Iout=20mA 60 mV
Regulation Vout =5.0V
ImA=Jout=40mA 40
Input-Output Iout=1mA
Voltage Vdif Vout =3.0V 60 mV
Difference =5.0V 30
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M ELECTRICAL CHARACTERISTICS

Topr : 25°C
Type Output Voltage Output Current Load Regulation VO{?E‘;‘;“&?;&‘;}ICB 'Qé'&i:g:‘:t
Number Vout (V) Tout (mA) AVout (mV) Vdif (mV) Iss (#A)
Condi- Condi Condi Condi Condi
tion | MIN. [ TYP. | MAX. [z00HIMIN, TYP.[MAX |04 MIN. | TYP.| MAX, b on " MIN. | TYP.|MAX [ “ MIN. | TYP. MAX.
RX5RA20AX 1.950 | 2.000 | 2.050
RX5RA2IAX 2.048 | 2.100 | 2.152 80
RX5RA22A X 2.145 | 2.200 | 2.255 Vin-
RXSRAZAX 2.243 | 2.300 | 2.357 VZ‘B‘;}
RX5RA2AX 2.340 | 2.400 | 2.460 20 | 30
1030
RX5RA25AX 2.438 | 2.500 | 2.562 lnks 70 {160
Tout
RX5RA26AX 2.535 | 2.600 | 2.665 <20nh
RXSRA2TAX 2.633 | 2.700 | 2.767
L
RX5RA28AX | Vin- | 2.730 | 2.800 | 2.870
Vout )
RX5RA29AX | =2.0V | 2.828 | 2.900 | 2.972 X::n 60 | 90 | o= 60| | vin-
RX5RA30AX 2.925 | 3.000 | 3.075 | 20V 1ak Vz"o‘;}
Tout '
RXSRA3IAX | —1oma | 3.023 | 3.100 | 3.177 ]
RX5RA32A X 3.120 | 3.200 | 3.280 Vin-
Vout
RX5RA33AX 3.218 | 3.300 | 3.382 =20V 50 | 100 i3
11]3.
RXSRAMAX 3.315 | 3.400 | 3.485 27| 40
RX5RA35A X 3.413 | 3.500 | 3.587 Ik
Iout \—
RX5RA36AX 3.510 | 3.600 | 3.690 <40nh
RXSRA3TAX | - 3.608 | 3.700 | 3.792 40
RX5RA38AX 3.705 | 3.800 | 3.895
RX5RA39A X 3.705 | 3.900 | 3.997
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Topr : 25C
Output Voltage Output Current Load Regulation 'Vo{?fgl;‘ig;‘lgeg‘;;ce VQ(':‘;::::?
e o Vout (V) Tout (mA) AVout (mV) | AVdif (mV) Iss (A)
gg;;d_l MIN. | TYP. | MAX. ond* M| TYR AL SR MIN, TYP. MAX GRS MIN.| TY|MAL 5o % MIN, TYP. MiL
RX5RA40AX 3.900 | 4.000 | 4.100
RX5RA41AX 3.998 | 4.100 | 4.202
RX5RA42AX 4.095 | 4.200 | 4.305
RX5RABAX 4.193 | 4.300 | 4.407
RX5RAUAX 4.290 | 4.400 | 4.510 3350 1236
RXSRAL5AX 4.388 | 4.500 | 4.612
RX5RA46AX 4.485 | 4.600 | 4.715
RXSRA4TAX 4.583 | 4.700 | 4.817 Vin-
Vout
RXSRAABAX |y v | 4.680 | 4.800 | 4.920 20V
RXsRAQAX | =20V | 4 778 | 4.900 | 5.022 | Vin- out- Vin-
Vout 1mA Vout
RXSRAS0AX 4.875 | 5.000 | 5.125 =20V ms| (4060 30 | 60 |20V
Tout
RXSRASIAX | [ 1 4.973 | 5.100 | 5.227 <7oh
RxsRAs2Ax | 10" | 5070 | 5.200 | 5.330
RX5RA53AX 5.168 | 5.300 | 5.432
RX5RAS4AX 5.265 | 5.400 | 5.535
RXSRAS5AX 5.363 | 5.500 | 5.637 40 | 60 13|39
RX5RAB6AX 5.460 | 5.600 | 5.740
RX5RASTAX 5.558 | 5.700 | 5.842
RX5RA58A X 5.655 | 5.800 | 5.945
RX5RA59AX 5.753 | 5.900 | 6.047
RX5RA60AX 5.850 | 6.000 | 6.150
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Il OPERATIONAL EXPLANATION
OPERATION

Vin o-

N [ 0 Vout

The variation of output voltage, Vout, is sent to an
error amplifier by feedback resistors R1 and R2. The
é R1 error amplifier compares the variation with reference
voltage, compensates it to the opposite direction, and
adjusts the Regulator to nominal output voltage.

Error Amp.

Voltage
Reference

R2
GND o~ o)
Fig. 3 Block Diagram
W MEASUREMENT CIRCUIT
Iout _lss |
Vin Vout E— Vin
VIN RXSRA VOUT VIN RXSRA - vouT
Ci oND L C° G GND
1uF 1uF 1uF
Fig. 4 Measurement Circuit Fig. 5 Quiescent Current Measurement Circuit
Vin Vout
RXS5RA
Series VOuT
PG GND /éfRo
Co 9
0.14F

Fig. 6 Input Transition Responce
Measurement Circuit
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B TYPICAL CHARACTERISTICS CURVES (Example of the RHSGRA50A)

~— -_— —30‘C
5.0 5.0 —
74
S \\\ \ % our=1mA /] // 4/
je=]
= 4
3 49 \ ‘ 5 s AN
> [ ] {ose % sma {7 |/ 1oma
g Vin=7.0V | sorc| 3 %
CRE S L > 46 ,///
> 5
> IR -y ViN=7.0V
] \ g VP Ta=25C
3 4.7 © A
3+ \ 7
i \ \ 4.2
20 60 80 100 4.6 4.8 5.0 5.2 5.4
Output Current IoUT (mA) Input Voltage VIN (V)
Fig. 7 Output Voltage—Output Current Fig. 8 Output Voltage—Input Voltage

5.05 —~ 2.0
€ | |/
5.04 o 1.8 1
5 socy/
5.03 6
S s T g 1 /L
n 5 L bl
2 5.01 o t
8] Ta=25C A // /l/
> _ 0 7 o=
5.00 Iour=1mA +— o 1.0 -30C>
% g0 // //
o >
> 4w 7 06 NA A
; . : By // - /
B
j=1 =
g 4.97 3 04 A
4.9 5 0.2 74
o
4.95 | 1
5.0 6.0 7.0 8.0 9.0 10.0 0 5 10 15 25 30 35 40 45 50
Input Voltage VIN (V) Output Current IouT (mA)
Fig. 9 Output Voltage—Input Voltage Fig. 10 Input/Output Voltage Difference—
Output Current
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Output Voltage VouT (V)

Quiescent Current Iss (uA)

5.1
T
Vin=7.0V
\\
5.0
4.9

-40 -20 0 20 40 60 80

Ambient Temperature Ta (°C)

100

Fig. 11 Output Voltage—Ambient Temperature

1.5
ViN=7.0V
/I
//
/
—
1.0}——=~
0.5
] 20 40 60 80 100

Ambient Temperature Ta (°C)

Fig. 13 Quiescent Current—Ambient Temperature
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Quiescent Current Iss (uA)

Output Current IouT (mA)

—
w

Ta=25C

1.1

1.0

Q

9

0.8
0.7
0.6

0.5

5

0 6.0 7.0

8.0 9.0 10.0

Input Voltage VIN (V)
Fig. 12 Quiescent Current—Input Voltage

100 T
-30C
90 ]
/
80 T 25C —
| -
70 — B0'C—
60 e // /f/
P g
/
50 r//
)y % Ta=25¢C
40 / > Vin=Vreg+2.0V
A
30 2
20
10
0
1.0 7.0 3.0 7.0 5.0 6.0

Output Regulated Voltage Vreg (V)
Fig. 14 Output Current—Output Regulated

Voltage
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=}
-

3 - -
5 S 7 I Input
S 0.6 % 7.0 I Voltage
Q & B +
§ 0.5 \\ E oo T
e -V +
= 5 I
A 04 AN é SOLT N R R N\ Output
2 \ - ERRT MAa! MM Vo <atad AALM AL it it RTINS
g N {_lout=10mA = ¥
G 0.3 o~ 3 4.0
> —— §, . I
*é 0.2 0 05 10 1.5 2.0 25 30 35 4.0
=1 5mA
é o I Time t (ms)
§, ) ~ 1mA Fig. 16 Input Transition Responce 1
= (lout = 1 mA)
0 1.0 2.0 3.0 4.0 5.0 6.0

Output Regulated Voltage Vreg (V)

Fig. 15 Input/Output Voltage Difference—
Output Regulated Voltage

S 8.0 1 Input
I e

i 70 1 Voltag

oL

R 3

S

> 80 T

3 by R

g- 5.0 Pttt -:vav R ERASRRRARRRRRR 32;2:;2

<3 T

< 4.0

2 &

S 0 05 1.0 1.5 20 25 3.0 3.5 4.0

Time t (ms)
Fig. 17 Input Transition Responce 2
(lout = 10 mA)
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B PACKAGE INFORMATION
* SOT-89 Mini-Power-Mold - Plastic Package

0 4+0.03
*—-0.02 ¢ Pin Configuration

1:GND
2 :Vin
3 Vout

.......

.....

......

0! @i
od Geead
%599 |
| :®: i@
- -
0.8 2.5+0.1 |
4.25MAX

1.5+0.1
+ r’
—'—_"E
m}ﬁﬁ
e Mark
L. +0.03

8 8
g f
/ 1 \ 0.4 2502 ®® : Code Number

@@ : Lot Number

0.42+0.06 0.47%0.06
1.5+0.11.5%0.1

UNIT ! mm

Fig. 18 SOT-89

* TO-92 Plastic Package * TO-92 Plastic Package for Taping Method

4 . QMAX 5. 2MAX 4 QMAX

(.5MAX

l O.SMAX

CC

%)
ottt

UNIT : mm

Fig. 19 TO0-92

UNIT : mm
o Pin Configuration

Fig. 20 T0-92

1:GND
2 : Vin
3. Vout

* Mark DDADEE®D® : Type Number
Lot Number

8-169



RX5RA Appli. Manual

Hl TAPING SPECIFICATION
* SOT-89 Mini-Power-Mold - Plastic Package
e Tape Dimension and Direction

2 Kinds of Taping Method (T1, T2) are available.

5.0+0.1

O O O O /€

{
Y

nnan

uul 'R =

C_J C__J 1 ]

T1 Type T2 Type

Fig. 21
e Reel Dimension

1000 pieces can be contained in one reel.

s

[ =1"¢]
L
<ol + |
H =
N
X
| L :
$1320.05 i
80:+1 &
#1782
I 1
Fig. 22
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* TO-92 Plastic Package
e Tape Dimension and Direction

2 Kinds of Taping Method (RF, RR) are available.

=

12,7510,

-

16.0+0.5
19.0+0.5
24 TMAX

2
&
: _oTw )
B - (=}
[ . ( =\3£-1[§>' s 14,5
] - A& e o 77
< - %02
7 2
il ' ‘

12.7+0.3 $4.0%0.2
$ $ $ ¢ UNIT ! mm
RF Type RR Type
Fig. 23

o Reel Dimension

2000 pieces can be contained in one reel.

UNIT ! mm
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Il STANDARD CIRCUIT

RX5RA series can regulate voltage without capacitor

VIN Vin RXS‘RA Vout VOUT C1 and C2. When the input wire is long, use capaci-
| Series l tor C1. Capacitor C2 makes the transient of output
¢ GND c load variation smaller.
Keep the wiring as short as possible when putting
GND O— ——QGND capacitor C1 and C2 of 0.1 uF to 2.0 uF between

= regulator terminals and GND terminal.

B INCREASED VOLTAGE CIRCUIT

The following equation explains the output voltage.
Vin] RX5RA |Vout

VIN . VOou1
Series
VOUT = Vreg, (1 + R2/R1) + Iss . R2
GND R1
{Iss The RX5RA series use low supply current, so R1 and
C1

R2 can be set high (several hundred k ohms) and
supply current of the whole circuit itself can be kept
low.

RX5RA works with constant current, so the input
voltage scarcely affects supply current of the circuit.

* Vreg: Fixed output voltage of RX5RA series

B DUAL VOLTAGE CIRCUIT

IC1 As the figure shows, two RX5RA devices can be
VIN Vin| RX5RA |Vout oVOuTI made into a dual power circuit.
20AX _L 5V The figure shows examples with output of 3V and
{GND ClI Iss AD 5V. R is not needed when the minimum load current
Ic2 == 4 of IC2 is larger than Iss of IC1. Diode D protects
VOUT1.
vin| Rxsra |Vout VOUT? IC1 when VOUT2 larger than VOUT1
30AX C 3V
| 5
C2 C3 SR
T {GND T
GNDO- 1 QOGND
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M CURRENT BOOST CIRCUIT

Tr.l

VIN

RXSRA
Series

Vout

GND T

| _ovour

C2

GNDO- T

OGND

When an output voltage more above 60 mA is neces-
sary, construct a current boost circuit as shown in
the figure.

B CURRENT BOOST CIRCUIT with OVER-CURRENT PROTECTION

R2 Tl
\Vbez
Tr.2
" Vin| RX5RA [Vout | —/>
VIN Rl j —L Series T_o
Cl T i GND T C2
GNDO —O0

Il CONSTANT CURRENT POWER SUPPLY

| RXSRA

VIN Vin
Series
GND
C1 :l:

The figure on the left explains the circuit construc-
tion to protect Tr.1 from short output circuit or
over current.

By adding Tr.2 and R2 to current boost circuit
(above figure), voltage drops to Vbe2 of Tr.2 because
of current through' R2 (5 IOUT). When'it drops,
Tr.2 will be on and will supply current to Tr.1 base.
Tr.1 will be off and will limit output current,

The following equation explains the operation
current of the overcurrent protection circuit.

10UT = Vbe/R2

As the figure shows, the construction can be used as
constant current power supply. Output current,
IOUT, can be found by the following equation,

IOUT = Vreg/R + Iss
Do not exceed the allowable current.
Vreg: Fixed output voltage of RX5RA series
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W SELECTION GUIDE

You can define the output voltage and package of the RX5RA series.

The devices are defined by the following characters.
RX5RAXXXX < Type number

——

0 )

a b cd

No. Meaning

Defines the packaging type
a E : TO-92
H : Mini power mold (SOT-89)

Defines output voltage (Vout)
b The range for Vout is 2.0V to 6.0V in units of 0.1V,

with an accuracy of +2.5%.

Defines the output current type
A : Standard type

Defines the packaging method for shipment
A-T1 : Taping-T1 type (See Fig.2)
A-T2 : Taping-T2 type (See Fig.2)
A-RF : Taping-RF type (See Fig.2)
A-RR : Taping-RR type (See Fig.2)

B : Gluing (Gluing is for mini power mold package
as a sample)

C : Electric conductive bagging (for TO-92)

Table 1
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e Type Number Example

output voltage(Vout) Packing
T numbers Package
ype MIN.(V) | TYP.(V) | MAX.(V) ackag method
RX5RA21AX 2.048 - 2.100 2.152
RX5RA30AX 2.925 3.000 3.075
RX5RA33AX 3.218 3.300 3.382 A:Taping
E:TO-92 _
B:Gluing
RX5RA37AX 3.608 3.700 3.792 ..
H:Mini power | .
mold C:Electrlc.
RX5RA40AX 3.900 4.000 4.100 conductive
bagging
RX5RA50AX 4.875 5.000 5.125
RX5RA60AX 5.850 6.000 6.150
Table 2

* Following the selection guide, determine specification other than those shown in Table 2.
Use the type number.
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The RX5RE series, developed with CMOS processing technology, are highly accurate, low power con-
sumption, large output current 3-terminal voltage Regulators. They include reference voltage supply,
error amplifier, control transistor, and resistor network to control the output voltage. Because of small
input-output voltage difference, effective constant-voltage power supply can be designed. The RX5RE
series have a current control circuit to protect themself from the destruction due to over current. The
output voltage is fixed in the device. The RXS5RE series are both available in two different types of
package: mini-power-mold and TO-92.

B FEATURES
® Extremely low power consumption............. TYP. 1.1uA (RX5RE30X, Vin = 5.0V)
e Small input-output voltage difference ........... TYP. 0.5V lout = 60mA (RX5RES50X)
e Largeoutputcurrent ..............oiiinrnn.. TYP. 120mA (RX5RE50X)
e Low temperature coefficient for output voltage ... TYP. +100PPM/°C
o Wide operatingvoltagerange .. ................ MAX. 10.0V
e Stableinputrate .............. ..., TYP. 0.1%/V
® Accurate outputvoltage ..................... +2.5%
e Variety of output voltagelevels................ 0.1V step (Note) ,
® Compactpackage ...........cevvevuneennnnn TO-92, mini power mold

(Note: RX5RE30X and RX5REB0X are standard. Custom type is also available.)

H APPLICATIONS

e Constant-voltage power supply for battery-powered devices
e Constant-voltage power supply for camera, communication, and video equipment
e Stable standard voltage supply

Il BLOCK DIAGRAM Ml PIN CONFIGURATION

TO-92

_E] Vout |

L TR ||

123

VREF 1 GND

2 Vin

{3GND 3 Vout
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W ABSOLUTE MAXIMUM RATINGS

PARAMETER

SYMBOL RATINGS UNITS
Input Voltage Vin +12 \Y%
Output Current Tout 150 mA
Output Voltage Vout Vin+0.3~-0.3 \Y
Power Dissipation Pd 300 mW
Operating Temperature Range| Topr —30~+80 c
Storage Temperature Range Tstg —40~+125
Soldering Temperature Tsolder 260°C  10Sec
M RX5RE50X (Vout =5.0V)
Topr : 25°C

PARAMETER SYMBOL CONDITION MIN. | TYP. | MAX. | UNIT
Output Voltage Vout Iout = 10mA 4.875 | 5.000| 5.125 \4
Output Current Iout Vin = 7.0V 80 120 mA
Load Regulation AVout Vin = 7.0V, 1mA < Iout £ 80mA 40 80 mV
Input-Output . -
Voltage Difference Vdif Tout = 60mA 05 0.7 v
Consumption Current Iss Vin = 7.0V 1.3 3.9 HA

. . “AVout Iout = 10mA
Line Regulation AVinVout | | Vout |+ 1.0V<| Vin | < 10V 0.1 %IV
Input Voltage Vin 10 \4
Limit Current Ilim 240 mA
Temperature AVout Iout = 10mA £100 PPM
Coefficient ATopr —30°C < Topr £ 80°C °C
B RX5RE30X (Vout = 3.0V)
Topr : 25°C

PARAMETER SYMBOL CONDITION MIN. | TYP. | MAX. | UNIT
Output Voltage Vout Iout = 10mA 2.925 | 3.000 | 3.075 \4
Output Current Iout Vin = 5.0V 50 80 mA
Load Regulation AVout Vin = 5.0V, 1mA < Iout £ 60mA 40 80 mV
Input-Output . -
Voltage Difference Vdif Tout = 40mA 05 | 07 \Y
Consumption Current Iss Vin = 5.0V 1.1 3.3 MA

. - AVout Iout = 10mA

Line Regulation AVinVout | | Vout|+ 1.0V | Vin| < 10V 0.1 %IV
Input Voltage Vin 10 v
Limit Current Ilim 240 mA
Temperature AVout Iout = 10mA +100 PPM
Coefficient ATopr —30°C < Topr< 80°C B °C
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B DESCRIPTION OF OPERATION

Vin o-

[l

Error Amp.

0 Vout

The variation of output voltage, Vout, is sent to an
error amplifier by feedback resistors R1 and R2. The
error amplifier compares the variation with reference

Su

Voltage
Reference

voltage, compensates it to the opposite direction, and
adjusts the Regulator to nominal output voltage.

%RZ
o

GND©
Fig. 3 Block Diagram

Il MEASUREMENT CIRCUIT

Vin Vout
VIN RXS.RE
Series
Ci GND Co
1uF 1uF

Fig. 4 Measurement Circuit

Vin Vout
o RXS5RE
Series
ro@ o
0
0.14F

Tout s Vi
n RXSRE
VOouT VIN Series |[° VOouT
Ci
GND
1uF

Fig. 5 Quiescent Current Measurement Circuit

— VOUT

v

Fig. 6 Input Transition Responce
Measurement Circuit
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M TYPICAL CHARACTERISTICS (Example of RHGRE50X)

5.1 Vin=17.0V 5.1 Ta=25C Vin=7.0V
5.0 — 5.0
9 —J — a0 o . |
S s T e s ™~~~ With Heat Sink
& — =
>§ 4.9 ™ N >§~4 9 A
: 25C : i i
% ) \ \ % Without Heat Sink \
2 s arc. | S s \
WA \L |
8 3 I
4.7 \ \ 47_Lseof30><30><1mm
! \ : Heat Sink
| | | |
\ EEEE
0 50 100 150 200 250 0 50 100 150 200 250
Output Current Iour (mA) Output Current Iour (mA)
Fig. 7 Output Voltage VS. Output Current(1) Fig. 8 Output Voltage VS. Output Current(2)
5.1 Ta=25C 0.8
207
5.0 ©
~ > Ta=80C
2 or=tma/f ) o 0.6 7
5 // 5 25
> 4.8 10mA 805
% /50rnA A A
£ / % 0.4 =30°C
; / = 03 v
5 > 0.
Q -
g ) -
3 0. >
44 Q /
// 2 0.1 '/
4.2
4.5 5.0 5.5 6.0 6.5 0 20 40 60 80 100
Input Voltage Vix (V) Output Current Iovr (mA)
Fig. 9 Output Voltage VS. Input Voltage Fig. 10 Input/Output Voltage Difference VS.
Output Current
5.05 Ta=25C
5.04 5.1 Vin=7.0V
5.03
z
- 50 s
S 5.0 5 —
% 5.00 Tour= l|;|_1A f
2 o0
S §5.0
4.9 c
i 10mA >
a8 4.9 é-
=
4.97 [}
4.96
L
4% 6 7 8 9 10 49 20 0 20 40 60 80 100
Input Voltage Vix (V) Ambient Temperature Ta (°C)
Fig. 11 Output Voltage VS. Input Voltage Fig.12 Output Voltage VS. Ambient Temperature
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—_ e
N W =

Consumption Current Iss (zA)
o o o = =
N o o =

o o
o >

0.7

0.6

0.5

0.4

0.3

Vin=7.0V

-2 0 20 40 60 80 100
Ambient Temperature Ta (‘C)
Fig. 13 Consumption Current VS.
Ambinet Temperature

0.2

0.1

Input/Output Voltage Difference Vdif (V)

\ Ta=25C
@ =50mA
——
\\
| T imA
| 1mA

1 2 3 4 5 6
Output Regulated Voltage Vreg (V)

Fig. 15 Input/Output Voltage Difference VS.

Output Regulated Voltage

TIour =30mA

8.0

JE U U Input Voltage

A\

Input/Output Voltage V (V)
=z
=3

Output Voltage

0

05 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Time (ms)

Fig.17 Input Transition Responce (2)
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Input Voltage Vin (V)
Fig.14 Consumption Current VS.

Input Voltage

Iour=1mA

7.0

Input Voltage

6.0

5.0

Input/Output Voltage (V)

4.0

Output Voltage

0

0.5
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B PACKAGE INFORMATION
* SOT-89 Mini-Power-Mold - Plastic Package

1.5+0.1
- . +0.03
°, H I 04002 o Pin Configuration
= —+ 1 == 1:GND
2 ; e Bl % 3. Vout
T zﬁ
TroElTo
! g° oMar
1 1 I;’4+0.03
4-0.02 @@ : Code Number
/ \ ' x @@ : Lot Number
m M [':II
().AiZiO.Olg’l 0.4';.;;]).06 |‘0442"_'0‘06

1.56+0.141.5+0.1

UNIT : mm
Fig. 18 SOT-89
* TO-92 Plastic Package * TO-92 Plastic Package for Taping Method
5.oMAX L4

l 5. 2MAX 4 2MAX

{LH ~ 0.
]] 0.55MAX 1, 0.5Max !

0.7
9.3MAX
12.7MIN 5 OMAX
T

( O.SMAX
Bk I R U
2.5%84 ,
——
UNIT : i :
S X
Fig.19 TO-92 - \/ UNIT : mm
o Pin Configuration Fig. 20 T0-92
1:GND '
2. Vin
3. Vout
* Mark DRADBED® : Type Number
(O] Lot Number
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Il TAPING SPECIFICATION
* SOT-89 Mini-Power-Mold - Plastic Package
e Tape Dimension and Direction

2 Kinds of Taping Method (T1, T2) are available.

4.0+0.1
5.0%0.1 2.0£0.05 $1.5+0.1
O O O O O
N
o
£ nnan +
B
TUU TU T =
+ S
b
T J .7 'Tﬁ:‘n'—' ="
T1 Type T2 Type UNIT : mm
Fig. 21
o Reel Dimension
1000 pieces can be contained in one reel.
|
| !
$13+0.05 i
801 by
| $178:+2 UNIT : mm
Fig. 22
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* TO-92 Plastic Package
e Tape Dimension and Direction

2 Kinds of Taping Method (RF, RR) are available.

=

12.7+1.0

24 . TMAX

16.0+0.5
19.0+0.5

L H o;l oL 14.5MAX
. T Il = Bk
B 7 s 7%£0.2
2
: ; 1

12.740.3 $4.0£0.2
UNIT : mm
RF Type RR Type
Fig. 23
e Reel Dimension
2000 pieces can be contained in one reel.
UNIT : mm
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H STANDARD CIRCUIT

. RXBRE series can regulate voltage without capacitor
VIN Vin| RXSRE |Vout VOUT
o I © Series [ I Ovou C1 and C2. When the input wire is long, use capaci-
C1 GND C2 tor C1. Capacitor C2 makes the transient of output
load variation smaller.

GND O OGND Keep the wiring as short as possible when putting
capacitor C1 and C2 of 0.1 uF to 2.0 uF between

regulator terminals and GND terminal.

H INCREASED VOLTAGE CIRCUIT

The following equation explains the output voltage.

VINO—pa" O VOUT
l VOUT = Vreg (1 + R2/R1) + Iss . R2
C1 The RX5RE. series use low supply current, so R1 and
R2 can be set high (several hundred k ohms) and
supply current of the whole circuit itself can be kept
— low.

RX5BRE works with constant current, so the input

voltage scarcely affects supply current of the circuit.

* Vreg: Fixed output voltage of RXBRE series
Il DUAL VOLTAGE CIRCUIT
IC1 As the figure shows, two RXBRE devices can be
VIN Vin| RXSRE |Vout oVOUT! made into a dual power circuit.
30X J_ 8V . .
1 %0 The figure shows examples with output of 8V and
.
GND Iss 5V. R is not needed when the minimum load current
IC2 of IC2 is larger than Iss of IC1. Diode D protects
Vin| RXSRE |Vout o VouT? 1C1 when VOUT?2 larger than VOUT1.
50X _L [ 5V
c2 C3 3R
T GND
GNDO- T QOGND
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Bl CURRENT BOOST CIRCUIT

Tr.l When an output voltage more above 120 mA is neces-
sary, construct a current boost circuit as shown in
vin| RXsRE |Vout the figure.
VIN Series _]_ ~OVOUT
c1 GND c2
GNDO T » T -OGND

B CURRENT BOOST CIRCUIT with OVER-CURRENT PROTECTION

R2  Tr1 The figure on the left explains the circuit construc-
\Vbez tion to protect Tr.1 from short output circuit or
Tr2 ! IOUT  over current.
Vin] RXSRE [Vout |~ ¥ . .
VIN O VWA~ - y —O By adding Tr.2 and R2 to current boost circuit
Rl J_ Series VOUT )
a 2 (above figure), voltage drops to Vbe2 of Tr.2 because
T GND T of current through R2 (% IOUT). When it drops,
GNDO— —£ ©O Tr.2 will be on and will supply current to Tr.1 base.

= GND
Tr.1 will be off and will limit output current.

The following equation explains the operation
current of the overcurrent protection circuit.

I0UT = Vbe/R2
M CONSTANT CURRENT POWER SUPPLY
. m/\( 10UT As the figure shows, the construction can be used as
Vin| RXSRE [Vout —
VIN Series A O constant current power supply. Output current,
onD 10UT, can be found by the following equation.
cl s, I0UT = Vreg/R + Iss
I Do not exceed the allowable current.
L Vreg: Fixed output voltage of RXBRE series
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l SELECTION GUIDE

You can define the output voltage and package of the RX5RE series.
The devices are defined by the following characters.
RX5RE XXX <« Type number

N —
t tot
a b ¢
No. Meaning

Defines the packaging type
a E : TO-92
H : Mini power mold (SOT-89)

Defines output voltage (Vout)
b The range for Vout is 2.0V to 6.0V in units of 0.1V,

with an accuracy of #2.5%.

Defines the packaging method for shipment
A : Taping
( Taping Method, T1/T2, RF/RR Types)

B : Gluing (Gluing is for mini power mold package
as a sample)

C : Electric conductive bagging (for TO-92)
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RH5RC301/302/501/502 are compact step-up DC/DC converter ICs, developed with the CMOS
process technology. They consist of reference voltage source, error amplifier, control transistor, oscil-
lation circuit, and output voltage setting resistor. As external parts, a coil, a diode, and a capacitor are
available for obtaining a constant output voltage (3V, 5V) higher than the input voltage.

The package is a compact three-terminal mini power mold type.

B Features
O@RHBRC30T ...ttt ittt it 3V output, normal type
RHBRC302 ...ttt ie e eaenn 3V output, low input voltage type
RHBRC501 ... .ttt i e enn e iann 5V output, normal type
RHBRC502 ...ttt eieieen 5V output, low input voltage type
® Smallinvalidcurrent . ............ciiiiina... 2.5uA (Typ., no step-up, RH5RC301/302)
® Lowvoltageoperation .. ..............ccuun.n. Input voltage Vin 2 0.9V (RH5RC302/502)
® Highefficiency ..............cciiiiinunn. 80% (Typ.)
® High output voltage accuracy ................. +5%
©® Small temperature drift of output voltage ........ +50ppm (Typ.)
O Compact package ...........c.eeeeeeninanann Mini power mold (SOT-89)
B Application

Constant voltage source for battery-operated devices.
Constant voltage source for cameras, communications equipment, and videos.
Local regulator for different operating voltages.
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B Block Diagram

v Vin

Oscillator
N
Vref
R
&

Out

B Pin Configuration

H Pin Description

— Pin No. Name Function
O 1 Vss Ground
2 Out Voltage Output
lTl l‘gl lgl 3 Lx Switching pin
B Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Limit Unit

Input Voltage Vin 7 \
Output Voltage Vout 7 \"
Output Current of Lx pin ILx 120 mA
Power Dissipation Pd 300 mw
Operating Temperature Topr -20~+70 °c
Storage Temperature Tstg -40~ +125 °c
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M Electrical Characteristics

1. RH5RC301 (Ta=25°C, Vss=0V)
Parameter Symbol Condition Min. Typ. Max. Unit Note
Input Voltage Vin 6 v
Starting Voltage Vst No Load 1.0 \ 1
Holding Voltage Vhid No Load 0.6 \" 1
Vin =5V 25 6 MA
Current Consumption lin
Vin = 1.6V 75 20 MA 1
Output Voltage Vout 2.85 3.15 v 1
Output Current of Lx pin ILx VoL =04V 40 mA
Leakage Current of Lx pin ILxL 2 HA
Oscillating Frequency fosc 60 90 KHz
Duty Ratio of Oscillation Df 50 %
2. RH5RC302 (Ta=25°C, Vss=0V)
Parameter Symbol Condition Min. Typ. Max. Unit Note
Input Voltage Vin 2 v
Starting Voltage Vst No Load 0.9 \ 1
Holding Voltage Vhid No Load 0.5 \ 1
Vin =5V 25 6 HA
Current Consumption lin
Vin = 1.5V 75 20 HA 1
Output Voltage Vout 2.85 3.15 \ 1
Output Current of Lx pin ILx VoL =04V 40 mA
Leakage Current of Lx pin 1LxL 2 MA
Oscillating Frequency fosc 60 100 KHz
Duty Ratio of Oscillation Df 25 % 2
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3. RH5RC501 (Ta=25°C, Vss=0V)
Parameter Symbol Condition Min. Typ. Max. Unit Note
Input Voltage Vin 6 v
Starting Voltage Vst No Load 1.0 v 1
Holding Voltage Vhid No Load 0.6 v 1
Vin=7V 35 9 MA
Current Consumption lin
Vin = 2.4V 12 32 MA 1
Output Voltage Vout 4.75 5.25 v 1
Output Current of Lx pin ILx VoL =0.4V 60 mA
Leakage Current of Lx pin ILxL 9 MA
Oscillating Frequency fosc 100 140 KHz
Duty Ratio of Oscillation Df 50 %
4. RH5RC502 (Ta=25°C, Vss=0V)
Parameter Symbol Condition Min. Typ. Max. Unit Note
Input Voltage Vin 2 v
Starting Voltage Vst No Load 0.9 \% 1
Holding Voltage Vhid No Load 05 | V 1
Vin =7V 3.5 9 HA
Current Consumption lin -
Vin =24V 12 32 MA 1
Output Voltage Vout 4,75 5.256 v 1
Output Current of Lx pin ILx VoL = 0.4V 60 mA
Leakage Current of Lx pin ILxL 2 MA
Oscillating Frequency fosc 110 150 KHz
Duty Ratio of Oscillation Df 25 % 2

Note: 1. The above table assumes that L=270uH (Sumida Electric Company LTD. CM-5), D=MA721 (Matsushita
Electronics), and C=33uF Tantaru Capacitor, or equivalent products are used for external parts.

2. Duty Ratio of oscillation Df is expressed as follows: :

tH
Df = ———— X 100(%)
tH + tL
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» Measurement

N
L1
Iin Iout
e Lx Out A
270«H
vin(V) 33 Vout
Vss
Circuit-1
/ Lx Out
Observation with
oscilloscope Vss
Circuit-2

1) Starting voltage (circuit-1)

Gradually raise input voltage Vin from 0 V, and find out the point where Vout exceeds Vin (Vin <
Vout). The voltage at that point is the starting voltage.

2) Operation hold voltage (circuit-1)

While the specified voltage (2.85 V to 3.15 for 301/302) is output, gradually lower the input
voltage and find the point where the output voltage becomes smaller than the specified voltage. The
voltage at that point is the operation hold voltage.

3) Consumption current (circuit-1)

The RH5RC IC uses the input current as the consumption current. So when Vin £ Vout, rush
current flows at intervals. Rectify it by inserting an L—C configuration line filter, and use the averag-
ed current as the consumption current.

4) Maximum oscillation frequency (circuit-2)

To measure the maximum oscillation fregency, apply power to RHS5RC between Out and Vss.
When Vout (voltage applied to the Out terminal) is smaller than the specified voltage, the Lx terminal
outputs oscillation waveforms. The maximum oscillation frequency is the waveform output from
the Lx terminal when Vout = specified voltage —50 mV.

5) Oscillation duty ratio
Use the duty ratio of the oscillation waveform output from the Lx terminal when the maximum
oscillation frequency is measured.
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» Packing

1. You can select packing method from Taping and conductive bag.
The devices are defined by the following characters.
RH5RC301A-T1: Taping
RH5RC301A-T2: Taping
RH5RC301CBV_‘: Conductive bag (for sample use only)

definition of the packing method.

2. Taping

4.0+01
5.0+0.1 20+0.05| 415101

O O O O /o9

) G B3 E

T

s

12402

1
4.7:01

8.0+0.1 %Lé
T T [ T CJ C 3 [
T1 type T2 type
= Package Dimension
4.540.1
1.610.1 1.5+0.1
an —F
s °z
i - 5
o
N) N . Gﬂ.
©Z ! T
o5y | )
1.50.1 1.5%0.1 _,l_ +0.03
0.410.07 0.5+0.07 | 10.4+0.07 ~F—0'4-0'05
UL
@ @ (©)
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DC/DC Converter

RHS5RC can be regarded as a DC/DC converter, in that it generates a direct current from another
direct current. DC/DC converters are largely classified into two according to their power supply
conversion type:

Charge-pump type
DC/DC converter —[:

Switching regulator type
RHS5RC is a switching regulator type IC. The switching regulator type ICs are further classified
into two according to the insulation between the primary and secondary power supplies:

Uninsulated type (chopper type)
Switching regulator{

Insulated type (converter type)
In RH5RC, input and output are separated only by a diode and cannot be isolated electrically. So
the IC is an uninsulated chopper type switching regulator.
Therefore, RHERC cannot be used as a line-operated type power supply with commercial power
supplies. For input power supply, use batteries or a power supply which has been reduced and rectifi-
ed by a commercial power transformer.

Principle of Step-up Operation

Figure 1 shows the basic circuit configuration of the step-up operation of the IC. In that configura-
tion, when the transistor 1 (Tr. 1) is entirely OFF, the output voltage Vout is the value of the input
voltage Vin minus the voltage reduced by coil L and diode D.

When Tr. 1 has been ON for time ton and is suddenly turned off, voltage VL is generated at the
edges of L because of the energy accumulated during the ton period. Therefore, the peak value of
the voltage generated at that time is Vin + Vi, and itis stored in the output capacitor C via D. This
generates the step-up output voltage Vout that is equal to or larger than Vin.

Vin Vout

Gxp O

Figure 1
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u QOperation
1) Control system

Figure 2 shows the control system of RH5RC, which regulates the step-up output voltage Vout,
obtained by the principle explained in the previous section, to generate a constant voltage source.

Power conversion circuit

Input voltage E Chopper R.ecti‘fying : Stabilized output
: circuit '
Lo b i ;
Pulse < Voltage Reference
generator comparator |- voltage
source

Figure 2

The volgage is stabilized by detecting the fluctuation of the output by the reference voltage source
and the voltage comparator and operating the pulse generator at intervals. RH5RC consumes less
current than other types, because there is no need to operate the pulse generator constantly.

In general, there are two types of switching regulator control method: pulse-width modulation (a)
and frequency modulation (b). RH5RC can be regarded as a modified pulse-width modulation type,
since the chopper drive period (ON-time) is constant and the period that the pulse generator is not
operated (OFF-time) is varied according to the input voltage and load.

2) Starting operation

RH5RC does not have a Vbp (+ power supply) terminal. The Out terminal is used as the output,
+ power supply, and output voltage detection terminals.

When power is applied, the input voltage is provided to the Out terminal via coil L and diode D.
Once operation is started with the provided power, the IC operates by the step-up voltage generated
by itself. Therefore the step-up voltage is used as the gate drive voltage of the control transistor. This
reduces the MOSFET ON resistance and enables large current drive by a small transistor, which then
enables mounting to a three-terminal mini power mold (SOT-89).

Due to the circuit configuration described above, load applied at power-on increases the forward
voltage VF of the diode, and reduces the actual activation voltage of the IC. So we recommend you
to take measures such as attaching low-power reset function to the load circuit, so that only small
load is applied when power is turned on or the output voltage is lowered.

8-214



DC/DC C. 5RC Manual

When an input power supply having high impedance ZB is used, the starting voltage tends to be
higher than usual. This is because the control transistor switch current |Lx and Zs decrease the actual
activation voltage of the IC. The IC is designed to prevent excessive ILx (soft start), but we recom-
mend you to use an input power supply with Zs equal to or smaller than 5Q.

3) Steady-state operation

After power is turned on and the output voltage has reached the specified voltage (3 V or 5 V), the
control transistor is switched in frequencies corresponding to the input voltage and load to maintain
a constant output voltage. When no load is applied, the IC needs to step up only the power that it
consumes by itself, so the switching operation is performed with a very low frequency (lower than
10 Hz).

In steady-state operation, when the control transistor has been ON for ton period, switching current
Ix flows from input power supply Vin through coil L. ILx increases proportionally to time, so it is
expressed as follows:

Vi
Ix = ——m—.ton ................................................................... (1)
Lx

(Lx is the inductance of the coil, and the voltage decrease due to the ON-resistance of the transistor

is ignored.)

For recommended coils (see p.13), the ton period is set inside the IC so that ILx does not exceed
the rated value (120 mA). Always check the ILx value according to the operation conditions.

Design of the DC/DC Converter

1) Output current

In the circuit configuration of RH5RC, output is obtained by accumulating energy in the coil while
the control transistor is ON and superimposing it on the input power supply while the control tran-
sistor is OFF.

The electric power Pon accumulated in the coil when the control transistor is switched once is
expressed as follows:

ton Vin?
Pon = (o | U 2
on f 0 x (2)

(ton is the ON-time of the control transistor, Vin is the input voltage, and Lx is the coil induct-
ance.)
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RH5RC uses the OFF-time control method, in which the ton time is constant and a pulse is sent
when the output voltage becomes smaller than the specified value VT (= Vout). Therefore, when the
load is heavy or the input voltage is low, switching is performed fosc (maximum oscillation frequency)
times at maximum. The power PL accumulated in the coil at that time is expressed as follows:

PL = PON - TOSC .eutiriiiiiiiiciiiiiien et r e e (3)

At that time, the following relationship is established in RH5RC301 and 501:

1
=toff = ————— e —— . 4
ton = to ™ (4)

And the following relationship is established in RH6RC302 and 502:

3
ton =3 - 10ff = ————— L ————— 5
on ° 4 . fosc ()

From expressions (1) to (5), the maximum output current lout in a design of DC/DC converter
using RH5RC is as follows:
For RH5RC301 and 501:

lout = PL (6)
IVOUEIVin] oo s
_ Vin? )
BT050 Lx (VOUTIIVin) s
For RH5RC302 and 502:
9 . Vin?
loUt = ——————————————— L ———— (8)

32-fosc-Lx -(Vout—Vin)

Due to such matters as efficiency, the actual output voltage will be 50% to 80% of the results of
expressions (6) and (8). ,

Therefore, to increase the output current, the inductance Lx of the coil must be smaller. However,
if the inductance is too small, the ILx value will exceed the ratings as described in the previous section,
Operation description—3) Rated operation. In general, the appropriate inductance is: -

LX =82~ 270UH cooreeiiiieiin e e e s (9)
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2) Ripple characteristics

Ripples that appear in the output of a DC/DC converter using RH5RC are classified into four:

(1) Ripples due to coil switching.

(2) Ripples due to fluctuation of the voltage accumulated in output capacitor C.

(3) Ripples due to the characteristics of output capacitor C.

(4) Ripples due to wiring.

The ripples of (1) occur at the moment the control transistor is turned off. The frequency spec-
trum spreads very widely (over several MHz) and the amplitude is several tens of mV. The main cause
is the floating capacity on the Lx terminal and the turn-on time of the diode. Place the Lx terminal,
coil and diode as close together as possible, and use a diode with short turn-on time. The ripples can
also be reduced by inserting a capacitor of several tens of pF between the anode and cathode (see
Figure 3).

The ripples of (2) are the disadvantage of the off-time control method used by RH5RC. They are
caused because even under small load, the same potential as that for the maximum load is applied to
the output capacitor at every switching. So use a coil with as large an inductance as possible within
the desired range of the output current capacity.

The ripples can also be reduced by increasing the capacity of the output capacitor. This is easy to
see since the ripple Vp is expressed as follows:

(iD is the current flowing in the diode.)
Ripples of (3) are caused by equivalent resistance and frequency response of the output capacitor.
The capacitor impedance Zc is expressed as follows:

Zc=R+wlL+
wC

Zc causes ripples in combination with the charged current. Against this type of ripple, insert a I
capacitor of about 0.1uF in parallel with output capacitor C (see Figure 3).

Ripples of (4) are caused mainly by the routing of the power supply grounding. The grounding
must be one-point and routed as short as possible to avoid any excessive impedance (especially R and
L elements) (see Figure 3).
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Vin
Reduce floating capacity.
- 1C ® Vout
| 1
-L o oy
T

One-point grounding V\
Wire as short as possible.

Figure 3

3) Efficiency
There are two major causes to degrade the efficiency in a DC/DC converter using RH5RC:
(1) Power loss in diode
(2) Power loss in control transistor
Loss of (1) Pd is expressed as follows:

Pd = VI« JOUL coiiieiere e eere s s s e e ssnesreeses svesaessnenses (12)

To improve the efficiency, use a diode with a small VT value.
Loss of (2) PT is expressed as follows from equation (1):

i
=
x

)
_‘
=
«

Pt

(RT is the ON-resistance of the control transistor.)
To improve the efficiency, use a coil with a large Lx value.
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= Selection of External Parts

1) Coil

To select choke coils, consider the following points:
® The core must not be saturated magnetically.
® There must be a sufficient margin of the rated current.
® DC resistance must be sufficiently low.
® The allowable loss must be sufficiently large.

For RH5RC, the following coils are recommended:

" e CMD-6L (Sumida Electric Company Ltd., Model 6303-014, 015, 016, 017)
® CM-5 (Sumida Electric Company Ltd., Model 6301-064, 065, 066)
e CP-4LBM (Sumida Electric Company Ltd., Model 5201-053, 055, 066)

2) Diode
To select diodes, consider the following points:
e The forward voltage must be small.
® The turn-on time must be short.
® There must be a sufficient margin of the rated current.
In general, a schottky diode is suitable. Be careful, because some of them may have increased
reverse current at a high temperature.

3) Capacitor
To select capacitors, consider the following points:
® The capacity must be comparatively large.
® The equivalent resistance must be small.
In general, tantalum (aluminum) electrolytic capacitors and layered ceramic capacitors are suitable.
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u Characteristics

1) Output Voltage VS. Input Voltage (Ta = 25°C)

(1) RH5RC301
L=82,H(CM-5), D=MAT721

(2) RH5RC302
L=82,4H(CM-5), D=MA721

S 3.0 S 3.0 [
5 [ 5 [
G S H “Jlout=1mA
3 7\ _ S [ i
5 2.0 7 fout ;“‘2 3 2.0 T F =3ma —
2 =3m -
o B [ I =5mA
8 [ =5m'A 8
1.0 2.0 3.0 1.0 2.0
Input Voltage (V) Input Voltage (V)
L=120,H(CM-5), D=MAT721 L=120,H(CM-5), D=MA721
2 3.0 E 3.0
s | [
S / "~ lout=1Tma S / lout=1mA
g 2.0 T =3mA B 2.0 1] =A™
8 =5mA 8 =5mA
1.0 2.0 3.0 1.0 2.0
Input Voltage (V) Input Voltage (V)
L=270,H(CM-5), D=MAT21 L=270,H(CM-5), D=MA721
3.0 S 3.0
G ~ = 2 !
2.0 l /# lOUt_;m2 >; 2.0 [ lout=1mA_|
2 - L & I =3mA
= =5mA 5 ™
S o =5mA_|
1.0 2.0 3.0 1.0 2.0
Input Voltage (V) Input Voltage (V)
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(3) RH5RC501 (4) RH5RC502
L=82,4H(CM-5), D=MA721 L=82,H(CM-5), D=MA72]
S 5.0 7 S 5.0
L/ : | 1]
G G
; 4.0 [ lout=1ma Z 4.0 I~ lout = 1mA
B = a 1
g I N & IS -em
° = 5SmA S |=5mA_
1.0 2.0 3.0 1.0 2.0
Input Voltage (V) Input Voltage (V)
L=120,H(CM-5), D=MAT721 L=120,H(CM-5), D=120.H
S 5.0 S 5.0
: / : [/
8 3 8
G G
?_, 00 ] 7i lout=1mA ?_, ‘o lout=1mA
3 _ 3 4. -
& [ 1] | =3mA & | T2 3mA
o =5mA @) =5mA
1.0° 2.0 3.0 1.0 2.0
Input Voltage (V) Input Voltage (V)
L=270,H(CM-5), D=MAT721 L=270,H(CM-5), D=MAT721
S 5.0 S 5.0 r
2 77 : 7
8 3
° G
Z 0 ~ lout=1mA ?_, 40 lout=1mA
a" l / ,\ =3mA 2 ’ / > =3mA
8 > =5mA S =5mA
1.0 2.0 3.0 1.0 2.0
Input Voltage (V) Input Voltage (V)
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Z) Output Voltage VS. Output Current (Ta = 25°C)
(1) RH5RC301, 302

S

o
(=)

4.0

Output Voltage (V)

3) Efficiency VS. Input Voltage (Ta = 25°C)

L=120,H(CM-5), D=MA721

— 301 - 302

2 3.0 < -

% \ \ ) \

& \ A

= \ \

= , \ \ \

22.0 Y

s Vin=0.9V \ \ \ \

° Vin=1.2V vaT=1.5v Vin=1.2V
5.0 10.0 15.0

Output Current (mA)

RH5RC501, 502

L=82xH(CM-5), D=MA721

e 501 === 502

\ Vin=2.4V

-

Vin=1.8V

10.0

20.0 30.0

Output Current (mA)

(1) RH5RC301

(2) RH5RC302
D=MAT721, Iout=3mA D=MA721, Iout=3mA
80 80 :
g ” g L=2 OAH \
z —— ~ | =120uH
g g P
2 L=270uH 2
270 "~ 270
& =120uH & —
1.0 2.0 1.0 2.0
Input Voltage (V) Input Voltage (V)
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(3) RH5RC501 (4) RH5RC502
L=120H(CM-5), D=MAT721, lout=1mA L=1204H(CM-5), D=MA72l, lout=1mA
80 80 %
~ " -
§’ ‘/ g - /
& & /
5 L= 120 5 L=120uH /
g 70 f—L=120uH F 70— -
=] 2 = 82uH[
& = 82uH &
s}
1.0 2.0 3.0 1.0 2.0
Input Voltage (V) Input Voltage (V)

4) Operation Start Voltage VS. Output Current (resistance load) (Ta = 25°C)
(1) RH5RC301, 302
L=120p¢H(CM-5), D=MAT721

., _——
D .
5y 301 —
S > —
g 10 // 302, —"]
(7] . -
g / L~
.g /
5 V
j=1
s |/

0.8

1.0 2.0 3.0

Output Current (mA)

(2) RH5RC501, 502
L=1204H(CM-5), D=MA721

1.2
o~ —
2 501 | t=—"T"
()
on ——
3 ‘/
3 // ]
> 1.0 / 502
s //
7 -——
g 1
5 0.8
& r

1.0 2.0 3.0
Output Current (mA)
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(2) RH5RC501, 502
L=120xH(CM-5), D= MA721, Iout=1mA, C=334F, except spike

o
:;>':, 200
A
[
g
3 100
B e
& 502 — 501
1.0 2.0 3.0 4.0
Input Voltage (V)
5) Current Consumption VS, Input Voltage (Ta = 25°C)
0 L=120pH(CM-5), D=MAT721, No load
\

2 30 \
3 |
= \ 3|01, 302
p= |
=N \ \\ 501, 502
5 2
=
o
[$]
g \/
S 10 AN AN

\ \\

.-y
1.0 2.0 30 4.0 5.0 6.0
Input Voltage (V)

6) Operation Start Voltage VS. Temperature
(1) RH5RC301, 302
L=120pH(CM-5), D=MAT721, Iout=1mA

1.2 -
2 ——~—.301
5 ——
2 302 B
g 10 ———
‘g.. \\
&
-20 0 30 70

Temperature (°C)
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7) Maximum Oscillating Frequency VS. Temperature

140 \\
\\
~~
= \\
%, RH5RC501
= 120 S
g N
3 I
g
o N
2 100
=
=
2
o
E \\\
E N_RH5RC30]
3 ~~
\\
60
-20 0 30 70
Temperature (°C)

8) Ripple Voltage VS. Input Voltage (Ta = 25°C)
(1) RH5RC301, 302
L=120H(CM-5), D=MAT721, Iout=1mA, C=334F, Except Spike

(53
(=3
(=)

—
=3
(=1

ﬂ)'z/ 7
p—1 / 301

mmm—)

Ripple Voltage (mVp-p)

1.0 2.0 3.0
Input Voltage (V)
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a Application Circuit

e Step-up DC/DC Converter
1A

[—- Lx Out >

Vss

———A—
N

o Power Switching Circuit

~
I 2]
Lx Out| >
I Vss T
e Step-down DC/DC Converter
3
m

.

AA

N/

| 1] 1
>
3
1
<
2
o
=4
]

® Power Saving Circuit

L 11
Lx Out i
| 2z
- PS

I
i
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RF5RD301/501 are compact DC/DC converter ICs developed with the CMOS process technology.
When the input voltage is sufficiently high, they work as series regulators. When the input voltage falls
down, they work as step-up switching regulators.

They consist of a step-up switching regulator circuit and series regulator circuit. The switching regu-
lator circuit consists of the reference voltage source, error amplifier, control transistor, oscillation circuit,
and output voltage setting resistor. The series regulator circuit consists of the reference voltage source
(shared with the switching regulator circuit), error amplifier, output transistor, and output voltage
setting resistor.

As external parts, a coil, a diode, and a capacitor are available for making the output voltage constant
even when the input voltage changes across the output voltage.

B Features
O RFBRD30T ... .ttt i e e Output voltage 3V (Typ.)
RFBRD50T ... it it ittt ie e Output voltage 5V (Typ.)
® lowidlecurrent ..........c0iiiiiiii e 4.0pA (Typ., no step up, RFGRD301)
® Smallidlecurrent ..........c.ciiiiiniininns Input voltage Vin 2 1.2V (no load)
® Highefficiency .........covviiiinininnennnns 70% (Typ., step up)
® High output voltage accuracy ................. +5%
® Small temperature drift of output voltage ........ +100ppm (Typ.)
®Smallpackage .........coviiiiiiriinennnnns 8-pin SOP

W Application

® Constant voltage source for battery-operated devices.
® Constant voltage source for cameras, communication equipment, and videos.
® Local regulator for different operating voltages.
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B Block Diagram

>,

Vin

v

8 Vsw
\§
Oscillator i

Lx - Vref }

1 T
+ b Vout

B Pin Configuration B Pin Description
Pin No. Name Function
1:Vout [: ) j 8:Vsw 1 Vout Output Voltage
2,3 NC No Connection
2:NC [: :l 7:NC 4 Lx Switching pin
3:NC E :l 6:NC Vss Ground
6, 7 NC No Connection
4:Lx E '__] 5:Vss 8 Vsw Step-up Output
B Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Limit Unit
Input Voltage Vin 12 \")
Output Voltage Vout 12 \")
Output Current of Lx pin ILx 100 mA
Power Dissipation Pd 300 mW
Operating Temperature Topr -20~+70 °c
Storage Temperature Tstg -40~+125 °c
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MElectrical Characteristics

® RF5RD301 (3V Output) (Ta=26°C Vss =0V)
Parameter Symbol Condition Min. Typ. Max. Unit

Input Voltage Vin 8 Y
Starting Voltage Vst No Load 1.2 v
Holding Voltage Vhid No Load 0.8 \

No Load, Vin =5V 4 9 MA
Current Consumption lin

No Load, Vin =24V 7 20 MA
Output Voltage Vout 2.85 3.156 \")

Vin =5V 40 mA
Output Current lout

Vin =24V 15 mA
Output Current of Lx pin ILx Vol = 0.4V 40 mA
Leakage Current of Lx pin Ix 1 MA
Oscillating Frequency fosc 60 90 KHz

® RF5RD501 (5V Output) (Ta=25°C  Vss=0V)
Parameter Symbol Condition Min. Typ. Max. Unit

Input Voltage Vin 8 v
Starting Voltage Vst No Load 1.2 \"
Holding Voltage Vhid No Load 0.8 \

No Load, Vin =7V 6 1 MA
Current Consumption lin

No Load, Vin = 3.6V 15 40 MA
Output Voltage Vout 4.75 5.256 \

Vin =7V 40 mA
Output Current lout

Vin = 3.6V 20 mA
Output Current of Lx pin ILx Vol = 0.4V 60 mA
Leakage Current of Lx pin ILx| : 1 HA
Oscillating Frequency fosc 100 140 KHz

Note: The above table assumes that L =120uH (CMD6L), MA721 diode or equivalent, and C=22uF are used for
external parts.
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Bl Measurement

1)

2)

3)

4)

Y

Iin

(») Lx Vew |— 224F
1202 T~ o

Vin o G Vout A

<
@

Vout

|||—

Circuit—1

Lx Vsw

Observation with oscilloscope

Circuit—2

Operation start voltage (circuit—1)

Raise input voltage Vin from OV gradually, and find out the point where Vout exceeds Vin.
The input voltage at that point is the operation start voltage.

Operation hold voltage (circuit—1)
Keep the output to be the specified voltage (2.85V to 3.15V for 301). Lower the input voltage

gradually, and find out the point where the output voltage becomes lower than the specified voltage.
The input voltage at that point is the operation hold voltage.

Consumed current (circuit—1)

For the RF5RD301 and RFS5RD501, the input current is the consumed current. Therefore, rush
current intermittently flows when Vin is equal to or lower than Vout. So rectify the current by, for
example, inserting a line filter of L/C configuration, and use the average current for the consumed
current.

Maximum oscillation frequency (circuit—2)

To measure the maximum oscillation frequency, set the power supply for the RF5RD301 and
RF5RD501 to within Vsw and Vss. An oscillation waveform is output to the Lx terminal when the
voltage Vsw applied to the Vsw terminal is lower than the specified voltage. The maximum

oscillation frequency is the waveform output from the Lx terminal when Vsw = specified voltage
-50mV.
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M Package -Dimension

HHHH |

3.9*0.1
6.0%04

1.27TYP
I

o
17
TYP|
1.05

0.39*33s

5.0%0.15

S

: L’
Typ| TYP

0.790.71
1.5%0.15
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H Operation

1)

2)

Switching between step-up and step-down operations

The RF5RD301 and RF5RD501 perform step-down operation when the input voltage is
sufficiently higher than the specified output voltage, and work as series regulators. They perform
step-up operation when the input voltage is lower than the specified output voltage, and work as
step-up switching regulators + series regulators.

The input voltage Vinu/o that causes switching of the step-up and step-down operations is:

VIinum = VW + VE ottt e (1)
(Vsw is the specified step-up output voltage, Vr is the forward voltage of the diode.)

To suit the capacity of the output transistor of the series regulator, Vsw is set in the IC chip as:

Vsw =~ Vout+0.5(V) ....ooovviiiiiiii (2)
(Vout is the specified output voltage.)

From (1) and (2), Vinum is expressed as follows:

Vinup =~ Vout + VE +05(V) ........ ..., (3)

Control system

The RF5RD301 and RF5RD501 use the control system shown in Figure 2 to obtain regulated
constant voltage from the output voltage Vout obtained from the step-up and step-down operations
above.

Power converter circuit

| l
| i
i e |
I 1t ' | | Rectifier a ! Optppt o
nput voltage : Chopper circuit : circuit Regulated output
] |
S | S |
Pulse - Voltage R:fjtr:;lece Error [*
generator comparator|e. source »| amplifier
Switching regulator Series regulator
Figure 2
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3)

4)

When Vin is higher than Vinump, the RF6RD301 and RF5RD501 perform step-down operation
and the pulse generator does not work. So the input voltage goes through theypower converter
circuit as is, and is applied to the series regulator. Then the regulated output is obtained.

When Vin is equal to or lower than Vinup, the RFERD301 and RF5RD501 perform step-up
operation and the step-up switching regulator works. The step-up voltage is applied to the series
regulator and the regulated output is obtained. At that time, the step-up DC/DC converter uses the
reference voltage source and the voltage comparator to detect the amount of fluctuation in the
step-up output, and operates the pulse generator intermittently. This eliminates the need to
constantly operate the pulse generator, enabling low power consumption in step-up operation as
well as in step-down operation.

Operation start

The RF5RD301 and RF5RD501 do not have a Voo terminal (+power supply terminal). The
Vsw terminal is used as the step-up output terminal, +power supply terminal, and step-up output
voltage detection terminal.

At power on, the input voltage is applied to the Vsw terminal via coil L and diode D, and the
IC starts operation.

When Vin is equal to or smaller than Vinump, the IC starts operation as a step-up switching
regulator. If a heavy load is applied to the output terminal at power on, the forward voltage Vr of
diode D increases and causes lowering of the actual activation voltage of the IC. So take some
measure to lower the load at power on and at low output voltage, for example by attaching the low
voltage reset (low power) function.

When an input power supply with high power supply impedance Zs is used, the operation start
voltage tends to be higher than usual. This is because the voltage is lowered by the switch current
ILx and Zs of the control transistor, and as a result the actual activation voltage of the IC is low-
ered. RF5RD301 and RF5RD501 are designed so that |Lx does not become excessive at power on
(soft start), but it is recommended to use an input power supply with Zs lower than 5 2.

Steady-state operation

After the IC starts operation and the output voltage reaches the specified voltage, the output
voltage is kept constant even when the input voltage sharply fluctuates across the specified output
voltage. This is enabled by the comparatively fast step-up/down switching and the filtering effect
of the externally attached L and C.

In the RF5RD301 and RF5RD501, the series regulator also works as a ripple filter in step-up
operation. This suppresses the ripples generated by the step-up switching regulator, and constantly
offers low-ripple output.
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W DC/DC Converter design

1) Output current
In designing a DC/DC converter using the RF5RD301 and RF5RD501, the output current lout
generally depends on the output current of the series regulator in step-down operation, and depends
on the capability of the step-up switching regulator in step-up operation.

( Step-down
In a series regulator of CMOS configuration, the output current loutr is generally expressed as:

lout = louts = KP * (Input/Output Voltage Difference). . ... (4)
(KP is the conduction coefficient of the output transistor.)

In the RFBRD301 and RF5RD501, the input voltage of the series regulator is supplied via diode
D, so lout is expressed as:

lout = KP(Vin—=VE—=Vout) ... cviiiinininrnnnnnns (5)

(Step-up)
In step-up operation, the difference in the 1/0 voltages of the series regulator is fixed to about
0.5V. Therefore, loutr is expressed as:

loutR = 0.5 KP .. i i ittt iy (6)
The output current louts of the step-up switching regulator is expressed as:

fouts = K e @
outs 8 foso Lx+(Vout £05_Vin) """ it

(Lx is the inductance of the coil used, K=0.5 t0 0.8.)

Therefore, the output current of lout of the switching regulator is limited by the smaller of
expressions (6) and (7) (see the section below, the output current of the step-up switching regulator).
When Vin is comparatively high and (Vout — Vin) is small, loutr < louts. In other cases, loutr =

louts.

— The output current of the step-up switching regulator—

The step-up switching regulator incorporated in the RF6RD301 and RF5RD501 has a
circuit configuration that stores energy in the coil when the control transistor is on and takes
‘out the output by superimposing the energy to the input power supply when the control
transistor is off.
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When the control transistor switches once, the power Pon stored in the coil is expressed as:

ton
Pon = / Vin it (8)
ON 0 Lx b e

(ton is the on-time of the control transistor, Vin is the input voltage, and Lx is the
inductance of the coil.)

This circuit uses the off-time control method. The ton is fixed, and pulses are sent when
the step-up output voltage becomes lower than the specified value Vsw (=Vout +0.5).
Therefore, when the load is heavy or input voltage is low, the transistor switches fosc
(maximum oscillation frequency) times at maximum. At that time, the power PL stored in
the coil is expressed as:

PL = PON “fOSC v vt vttt ittt ittt 9)
At that time, the following relationship is established:

ton = toff = .1 ............................... (10)

Thus, the maximum output current obtained by the step-up switching regulator is:

louts = Vin? an
ou 8~ for - L (Vout + 0.5—Vim) "t rtrrerreee

In actual operation, the output current will be 50% to 80% of expression (11), due to such
factors as efficiency.

As indicated above, the inductance value Lx of the coil must be small to increase the step-
up output current. However, if the Lx value is too small, ILx may exceed the rated value
(120mA) since the ILx is expressed as follows:

Vi
LK = o e 80N et e (12)
Lx

(Voltage lowered by the on-resistance of the transistor is ignored.)

Be careful of the |Lx value.
Generally, the appropriate value is:

Lx =82~470uH ... (13)
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2) Efficiency characteristics
There are three factors that worsen the efficiency characteristics of the DC/DC converter using
the RF5RD301 or RF5RD501:

(1) Power loss in the series regulator
(2) Power loss in the diode
(3) Power loss in the control transistor

In step-down operation, the step-up switching regulator is not operating. So the worsening
factors are (1) and (2).
In the RF5RD301 and RF5RD501, the power consumption of the IC itself is very small. If it
is ignored, the efficiency nD in step-down operation is:
Vout

nD = m .................................. (14)

In step-up operation, the step-up switching regulator is operating. So all of (1), (2), and (3)
are worsening factors. Efficiency nR due to loss (1) is:

Vout
nR = Vost 005~ it (15)
Loss of (2) PD is:
PD =Ve ¢lout ....... e et (16)

Loss of (3) PT is expressed as follows with the on-resistance of the control transistor as Rt :

Vin
PT = ston *RT ... e (17)
Lx

Therefore, the efficiency nU of the DC/DC converter in step-up operation is:

1—(PD+PT) Vout

U= .
n Vin * lout Vout + 0.5
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M Selecting external parts

1) Coil

In selecting the choke coil, the following should be satisfied:
o The core does not suffer magnetic saturation.
o There is a sufficient margin in the rated current.
e DC resistance is sufficiently low.
o Allowable loss is sufficiently large.

The following coils are recommended:
o CMD-6L (Sumida Electric Company Ltd., Model 6303-014, 015, 016 and 017)
o CM-5 (Sumida Electric Company Ltd., Model 6301-064, 065 and 066)
e CP-4LBM (Sumida Electric Company Ltd., Model 5201-053, 055, 066)

2) Diode
In selecting the diode, the following should be satisfied:
e The forward voltage is low.
e The turn-on time is short.
e There is a sufficient margin in the rated current.

Generally, Schottoky diodes are appropriate. Some, however, may increase the reverse current
at high temperature.

3) Capacitor
In selecting capacitors, consider the following:
o The capacity is relatively large.
e The equivalent resistance is small.

Generally, tantalum (aluminum) electrolytic capacitors and laminated ceramic capacitors are
appropriate. l
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B Characteristics

1) Output Voltage VS. Input Voltage (Ta=25°C)

(DRF5RD301

L=82¢H(CM—-5) D=MAT721

3.0
¢ LU
% A
g / ———Ilout= 5mA
2 2.0 = —  =10mA
& [~ =15mA
3 /‘ I~ =20mA
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Input Voltage (V)
L=120«H(CM—5) D=MAT21
3.0
F /1
)
% //f\t Iout= 5mA
; 9.0 — =10mA
& =15mA
3 / /// ~ =920mA
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Input Voltage (V)
L=270¢uH(CM—-5) D=MAT21
3.0
AR
g f
5 ’ [=Iout= 5mA
B _ =15mA
é / / / ,\ =20mA
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Input Voltage (V)
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(2) RF5RD501
L=82xH(CM~-5 D=MAT72l
g %0 r T
g s
3 | 17— lout= 5mA
2 10 1 L[ T~ =1lmA
& _— =15mA
E T -sm
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Input Voltage (V)

L=120#H(CM—5) D=MAT21

5.0
: T
g t —— Jout= 5mA
= —_— +lout= om
E 4.0 f t\ T =10mA
2 [ I =15mA
3 1 =ama
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Input Voltage (V)

L=2704H(CM—5) D=MAT721

~5.0
< L]
Y
z / /\ ———lout=5mA
% 4.0 L =10mA
& ], =15mA
3 / ] T =20mA
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Input Voltage (V)
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2) Output Voltage VS. Output Current (Ta=25°C)
(1) RF5RD301

Lx=120.H(CM—5) D=MAT721

S 3.0 \\ ——
[—
T~
& S Vin=2.0V —
c \ N
% 9.0 \ N
2" \ h
3 Vin=1.0V Vin=1,5V
0 5.0 10.0 15.0
Output Current (mA)
(1) RF5RD501
Lx=1204H(CM—-5) D=MAT721
|-
£5.0 ] [_Vin=3.6V
% NG \\\ M~
= N Vin=3.0
2 00 N ]
& N
g N
V|1n~2|,OV
0 10.0 20.0 30.0
Output Current (mA)
3) Efficiency VS. Input Voltage (Ta=25°C)
(1) RF5RD301
Iout=5mA Lx=120¢H D=MAT21
80 a
3 /1N
>
é 70 — /
2 S
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Output Voltage (V)
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(2) RF5RD501
Iout=5mA Lx=1200H D=MAT721

80 =
~ Ty
1)
2 70 A
)
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Input Voltage (V)
4) Start Voltage VS. Output Current (with Load) (Ta=25°C)
Lx=120eH D=MAT21
/'/
S 1.4 =
% 1]
B RF5RD301. 501
AL yd
e 1 7
8
g |/
/
0 1.0 2.0

Output Current (mA)

5) Start Voltage VS. Temperature
Lx=270¢H D=MAT721 Iout=1mA

S S~ RE5RD301. 501
:‘%’n 1.4 -
E \\ -
3 T
1.2
-20 0 20 40 60

Temperature (°C)
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6) Consumed Current VS. Input Voltage (Ta=25°C)

Lx=120eH D=MAT72]1 (without Load)

40

_30F \\

% \ N

E LI LN

g 20 \

g N 501

g ) 3v01 \\

© 10 \\\ AN

N N

0 1.0 2.0 3.0 4.0

Input Voltage (V)

7) Maximum Oscillation Frequency VS. Temperature

140
\\\
N
~ 120 ]
N
501 [N
@ 0 ~
5 ™
2100
&
8
g
3w - <
g P
5 301 —
S —

= 60

-20 0 20 40 60

Temperature (°C)
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