
























































































































































































































































































































































































































































































































































































































































































































































































































































































































• AC CHARACTERISTICS 

- -(vss=OV TA- -20-70'C Notel; VDO-lV±IO'I. Note2' VOD=3V+IO'I. Note)' VOD=IV+20'l.) 

Symbol Parameter Description Notet Note2 Note3 Unit 
tCES CE setup time Time for which CE musl be kept "HOI before the address is determined. MIN 100 MIN 1000 MIN 100 nS 

tCEH CE hold lime Time for which CE must be kept "H" until the address rinishes MIN 100 MIN 1000 MIN 100 nS 
changing. 

tAA Address setup time Time for which the address must be determined before CS=RD=lOl", MIN 20 MIN 20 MIN 20 nS 
(llD) 

ICS CS setup time (RD) Time between the trailing edge of CS and data output, after the address MAX 120 MAX 291 MAX 110 nS 
is determined and RO""I'L" (CL=I00.fI!"'). 

IRD RD selup lime (RD) Time between the trailios edge of RD and data output, after the address 
is determined and CS="L" (CL= 100 of) MAX 120 MAX 291 MAX 110 nS 

tOH Data hold time (RD) lime for which data does not change though the address ch.mges, when 
MIN 10 MIN 10 MIN 10 n5 C5=RD="L". 

IC5Z 
CS output delay time Time between the rising edge of CS and the data bus line becoming high 

MAX 70 MAX 91 MAX 71 n5 (RD) impedance. 

tRDZ 
RD output delay time Time between che rising edge of RD and the data bus line becoming high MAX 70 MAX 91 MAX 71 n5 (RD) impedance. 

tAC5 CS setup time (WR) �T�i�r�~�~� . ...ror which che address must be determined before the trailing edge MIN 20 MIN 20 MIN 20 n5 of CS while WR is "Lit. 

IAWR WR selup time (WR) Time for which the address must be determined before the trailing edge 
or WR while CS is "L". MIN 20 MIN 20 MIN 20 n5 

tWC5 cS pulse width (WR) Pulse width when writing by CS while WR is ilL". MIN 120 MIN 191 MIN 110 n5 
tWR WR pulse width (WR) Pulse width when writing by WR while CS is "L". MIN 120 MIN 191 MIN 110 nS 

IWDS Data setup time (WR) 
Time for which the data must be determined before the rising edge of CS 

MIN 60 MIN 95 MIN 75 n5 or RD. 

tCSH 
Address CS hold lime 

Time for which the address needs 10 be held after Ihe rising edge of CS. MIN 10 MIN 10 MIN 10 n5 (WR) 

IWH Addre .. WR hold time 
Time for which the address needs to be held after the rising edge of WR. MIN 10 MIN 10 MIN 10 n5 (WR) 

IWDH Data hold lime (WR) Time for which the data needs to be held after the rising edge of CS or MIN 10 MIN 10 MIN 10 n5 WR . 

• TIMING DIAGRAM 

Read Cycle 

CE 

Write Cycle AO-A3 

I:tWDS 
DO - D 3 ........................................................... {._V_a_hd _____ -A 
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Input/Output Condition 

(VDD=SV± 10'1.) 
VIH = 2.2V 

(VDD=3V±10'1.) 
VIH = 0.8 x VDD 
VIL = 0.2 x VDD 
VOH = 0.8 x VDD 
VOL = 0.2 x VDD 

(VDD=SV±20'1.) 
VIH = 2.4V 

VIL = 0.8V 
VOH;: 2.2V 
VOL;; 0.8V 

VIL = O.4V 
VOH;: 2.4V 
VOL;!! 0.4V 

• PACKAGE DIMENSION (Unit: mm/inch) 

• RP5C62 (18pin DIP) 

Zl.g MAX I 
I 1.976 MAX) • 

~ w 

r:: :::::::1] 
I'IN#1 

• RF5C62 (18pin SOP) 

Il.XI MAX 
,,1116 

19 10 

PIN#I 

~ ~N .. 
~ ~ 

1.21TYP O.4ITYP ~:A!i ~ \ ,050TYP ,DI6TYP j:&gl a 
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• FUNCTIONAL DESCRIPTION 

1. Addressing 

Address Bus BANK 0 (BANK = 0) BANK I (BANK = I) 
A31A21AilAO Description D3 D2 DI DO I;>escription D3 D2 DI DO 

0 0 0 0 0 Second Counter R/W SI S. Sz SI Cyclic interrupt select RCI. W/O cr. en cr, cr. 

I 0 0 0 I 10 .... I S .. S20 S,. Adjust Reg. W/O ADJ 

2 0 0 I 0 I min. I Mi M. M. MI Alarm I min. Reg. R/W AMI AM. AM. AMI 

3 0 0 I I 10 min. I M .. M,. M,. I 10 min. I AM .. AM,. AM,. 

4 0 I 0 0 I hour I HI H. Hz HI I I hour I AHa AH. AH. AHI 

S 0 I 0 I 10 hour I 
piA 

H,. I 10 hour I APIA 
or H2O orAHzo AH,. 

6 0 I I 0 day or week I W. W. W, 

7 0 I I I I day I D. D. D. DI 

8 I 0 0 0 10 day I D .. D,. 

9 I 0 0 I I month I MO. MO. MO. MO, 

A I 0 I 0 10 month I MO,. 12124 .elccl Reg. W/O 11124 

B I 0 I I I year I YI Y. Y. Y, Leap Year Reg. RIO LY, LY. 
R/W LYB 

C I I 0 0 10 year I y,. yO! Y20 Y,. Timer Clock Select Reg. W/O TMI TM. TMI TM. 
RIO TM. TMFO 

D I I 0 I Control Res. I W/O WTBN ALBN TMR BANK Control Reg. I W/O WTBN ALBN TMR BANK 

B I I I 0 Control RCI. 2 RIO BSY 
Control Res. 2 RIO BSY 

RIW crfO ALfO XSTP R/W crFO ALFO XSTP 

f I I I I Control Reg. 3 W/O TSTA TSTiI WTRST Control Rei. 3 W/O TSTA TSTB WTRST 

Note I) R/W bits can be read and written. RIO bits can only be read. W 10 bits can only be written. 
Note 2) It is no problem to attempt writing to RIO bits and don't care bits, but the attempt will fak 
Note 3) If W 10 bits and don't care bits are read, the returned value is o. 

2. Counter/register functions 
1) Clock and calendar counter (addresses 0 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 piA 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·Wl = 000-+001-+01 0-+ ... -+ 11 0-+000) 

Note 11 DO NOT write values which are not valid (such as AM 15. or February 30). This 
causes misoperation. 
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2) Cyclic interrupt select register (BANK 1 address 0) (write only) 
• Selects the cycle for cyclic interrupt based on the INTR output and the output mode. 

--
CT3 CT2 CT. CTo INTR Description 

* 0 

* 0 

* 0 

* 0 

* 1 

* 1 

* 1 

* 1 

0 * 
1 * 

0 0 "OFF" Inhibit cyclic interrupt 

0 1 2048 Hz Cycle T 0.488 ms (2048 Hz) 

1 0 1024 Hz t 0.977 ms (1024 Hz) 

1 1 128 Hz t 7.813 ms ( 128 Hz) 

0 0 16 Hz t 62.5 ms ( 16 Hz) 

0 1 1 Hz t 1 s ( 1 Hz) 

1 0 1160 Hz t 60 s (1160 Hz) 

1 1 "ON" INTR Output = "L" 

* * Pulse mode Cyclic pulse duty 500/0 

* * Level mode Note 1) 

Note 1) INTR 

interrupt (interrupt) interrupt 

Write 0 to CTFG 

Note 2) INTR and Second Count-up 

(j)pulse mode (1 Hz or 1/60 Hz select) 

-i 1-+-30.5"s 
Second Count-up--.J 

@Ievel mode (1 Hz or 1/60 Hz select) 

INTR 

Second Count-up 

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. 
• It takes 122.1 J.Ls 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. 
• Data is expressed in BCD codes. 

iDa NOT write invalid values such as AM 15. This causes misoperation.) 

5) "1""2/24 select register (BANK 1 address A) (write only) 
• When the "1""2/24 bit of the "1""2/24 select register is 1, the 12-hour time display selected. 

If it is 0, the 24-hour time display is selected . 
• 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 L Y 1 = L Yo = 0, it is a leap year. (L Y 1 and L Yo are 

read only.) 
Every time the year counter is incremented, LY1 and LYo change as follows: 
00-+01-+ 1 0-+ 11-+00. 

• 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 0, 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 TMz TMI TMo TI Note I) T2 Note 2) T3 Note 3) 

0 * * * 
Timer Inhibit Note 5) 

(TMOUT '" OFF) +- +-

1 0 0 0 562 ms 562 - 626 ms 625 ms 

1 0 0 1 281 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 0 0 35.1 ms 35.1 - 39.1 ms 39.06 ms 

1 1 0 1 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 TM3 bit is reset to 0 and the timer is 

inhibited (TMOUT output", OFF). 
Note 6) When TM3 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). 

U 
-+l I+- O.244ms 

TMFG ____ ~----~--~rl~----~ 
rTlTT2 ~14 T3-------.J 

Writing I Wriling I 
10 TMR bil 10 TMR bil 

8) Control register 1 (address 0 of BANK 0 or 1) (write only) 
• Correspondence with data buses 

03 02 01 DO 
WTEN ALEN TMR BANK 

CDWTEN bit ........ When the WTEN bit is 1, clock counting is valid. When it is 0, 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 0, 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. 

®ALEN bit ......... When the ALEN bit is 1, the INTR output becomes "L" if the specified 
alarm time and the actual time match (alarm match operation). When 
this bit is 0, the alarm match operation is disabled. 

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

@)BANK bit ......... The BANK bit is for switching the address banks. When this bit is set I 
to 0, BANK 0 is selected. When set to 1, BANK 1 is selected. 
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9) Control register 2 (address E of BANK 0 or 1) (read, partially write) 
• Correspondence with data buses 

03 02 01 
BSY CTFG ALFG 

DO 
XSTP 

CDBSY 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: 

iii ± 30 second adjustment 

(ii) + 1 compensation 
(When one second is carried 
for compensation when re­
turning WTEN from 0 to 1.) 

(iii) Normal one second carry 

(iv)WTRST 
(Resetting the 8 Hz to 1 Hz 
dividers) 

----IF MAX122.1ps =-11----
Write I to AD] bit Adjustment completed 

----IF MAX122.1ps =+!I----
Write I to WTEN bit 

91. 61'S 

+ 1 compensation completed 

~ 30. 51's ~ .. 
Carry to the second counter 

----IF MAX122.1ps 11---
Write I to WTRST bit Reset completed 

@CTFG bit ..... The CTFG bit is set to 1 when cyclic interrupts occur (lNTR = "L'·'). The 
CTFG can be read. Only 0 can be written to it. A value of 1 cannot be 
written to it. 

When CT 3 bit= 0 
(pulse mode) 

When CT3 bit = 1 
(level mode) 

CTFG __ ......J 

CTFG __ ---I 

When CT3= 1 (level mode), writing 0 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 
(lNTR = "L"). The ALFG can be read. Only 0 can be written to it. 1 
cannot be written to it. 

ALFG __ ---' 

INTR 

Alarm match Alarm match Alarm match 

Write 0 to ALFG bit 

When ALFG = 1, writing 0 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 0 can be written to it. 
A value of 1 cannot be written to it. When an oscillation stop is detected, 
the TM3 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 0 or 1) (write only) 
• Correspondence with data buses 

03 02 01 00 
TST A TSTB WTRST 

CDTSTA bit ....... The TSTA bit is a test bit. Writing 0 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 0 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 J.LS after 1 is written 
to this bit. This bit is used to adjust the values of the seconds and lower 
counter. 

I 





CHAPTER 2 DATA SHEET 

I 
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1 . OSCILLATOR 
1) Oscillator circuit 

RI' 

I 

:-A 

Figl,lre 1 

I 

I 

-----;;;..: 

VDD 

Recommended crystal oscillator is: 
32768 Hz CI value;;li 35 kll 

Recommended working ranges of 
CG and Co are: 

CG: 5 pF to 35 pF 
CD: 5 pF to 35 pF 

RF: Typical 8 Mil built in 
RD: Typical 250 kll built in 

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 CI (series resistance) value equal to or smaller than 35 kll is 
recommended. To fine-adjust the oscillation frequency, use either CG or CD 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) Locate the crystal, CG, and CD as close to the IC as possible. 
(b) DO NOT route a signal line or power line near the oscillator (especially near segment 

A in Figure 1). 
(c) Raise the impedance between the OSCIN and OSCOUT terminals and the PC board 

sufficiently. 
(d) DO NOT route OSCIN and OSCOUT in parallel or with long conductor runs. 
(e) 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 1 7, crystal 
oscillator, CG, and CD on the PC board and the routing of OSCIN and OSCOUT with 
damp proofing 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. 
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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 CG and Co values change 
after a probe is attached, affecting the oscillation frequency, so it cannot be measured 
correctly. 

Control register 1 +- (1)H 

Control register 3 +- (CIH 

Control register 2 +- (O)H 

Cyclic interrupt select register +- (1 )H 

ALEN bit is 0, BANK bit is 1. 

TST A and TSTB bits are 1. 

CTFG and ALFG bits are O. 

CT3, CT2, and CTt bits are 0, and CTo 
bit is 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, CD), 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 CD is fixed and CG is varied 
Figure 3 Typical oscillation frequency characteristics when CG is fixed and CD 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 absolute deviation of oscillation frequency (that is, 
precision); they indicate relative deviation from a certain base point. 
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Figure 2 Typical oscillation frequency characteristics VS CG 

(PPM) 
+80 

I I I I I ! 

.................................. 

+60 ··············· .. ··············f···· .......... ! .................................. , ........ ·························r·········· .. ················· ... , .................................. , .................................. . 

!! i I I I i 
I ii I I I 
,i (Reference value) I I 
I iI' I ! , I· I ................................................................................ , .•..•..•.••••••••••••.••..•••••••. , .................................. j .••...••.••......••..•••.•.••..... :. •••.....••.•.••.••••••••.•••.••.•.• 

. i j i i 
iii i 
I I . I 
I i I I 
I iii 

··············.;.·················_···············1······················_····_····1·_···············_·············f·······························_·· 

I I I ! 
i ! 'I I 30 ! 

r-----~rT~~~~~~~~~-r--~--r-~~-----CG 

>. 
u +40 &:: 
<I) 

::s co 
<I) 

.::: 
&:: 
0 +20 .~ 

== '0 
III 
0 

.S 
<I) 0 bO ; (PF) 
-5 
<I) 

.~ 
'iii -20 'il 
~ 

(Af) 

-40 

-60 

-80 

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 l:!. f. l:!. f is 
the amount of change relative to the oscillation frequency at CG= 14 pF, which 
is the middle value of the recommended operation range of CG (5 to 35 pF) 
when Co= 10 pF. 
l:!.f = fosc (CG, CD) - fosc (CG= 14 pF, Co= 10 pF) X 106 (PPM) 

fosc (CG= 14 pF, Co= 10 pF) 

3. 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 CG. 
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Figure 3 Typical oscillation frequency characteristics VS Co 

I 
(PPM) 

+40 
t ! ! t ! 

............................... .._ ... _ ...... j ........ _ ......... _ ... _ .. _ .... ~ ................................. ~ .................................. j .................................. 1 ................ _ .............. _ 

______ J_L __ J~_r=::_:f:,~ __ J _______ l _____ _ 
I i II' I I I 

. I I ! 
! ! I ! 
i i! 

r-----~Hr_;~4rl--_±---+--~---r--~--~--~-------CD 
2 10 (PF) 

I I 
i ! ! ! .............................................. _ ••••......•.. 1 ...•••..••••••.••.•............• 1·································1···················· ............. -

: I I I ! I Iii 
1-20 
~ 

--a 
~ -40 

iii 
I 1 I C~=5PF I 

... t·_ ....... ·_......... ....... ..-.............................. 1 .. _ ........................... 1.. ................................ 1 ................. _ .......... _ 
(Af) I! ! I I I 

---1--- !-- ---~----! --------~----l--
i I I I r" i ................ · ............ '1" .............. , .. · ........ · .. · .. ·_ .. ·_ ...... 1 .... · ........................ '1" ................................ 1 .................................. 1 ...... , ......................... -

I I I ; I I 
I I I I C~=20PF I .... · .................... · .. "! ............ · .. r ............................ · .. r ................ · .......... :--................................ 1" ................................ 1"' .......................... """ 

I I 'I' i CG=30PF I 
ill I 

-60 

-80 

-100 

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 l!. f. l!. f is the 
amount of change relative to the oscillation frequency at CD = 14 pF, which is 
the middle value of the recommended operation range of CD (5 to 35 pF) when 
CG=5 pF. 

l!. f = fosc (CG, CD) - fosc (CG = 5 pF, CD = 14 pF) X 106 (PPM) 
fosc (CG = 5 pF, Cb = 14 pF) 

3. 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 CD. 



Figure 4 Typical oscillation frequency characteristics VS VDD 

(PPM) i ! i ! : ! : ! j ! I 
! ! i ! (Reference value) i j ! ! · :--t---I---~!:--t-;r;--l----I---t---I----I---t-- VDD 

i I I ; I i 410 I 5;0 I 61 0 (V) 
-1 ................ 1. ............... i .............. j.. .... _ ........ l .......... _...I ............... L ............. ................ L •••••.••.••.••.. !... ............ .I. ....... ········1········· .. ···· .. 

I i I I I I I I I I 

::~~_Tl_-:E~j~I~]~=i~I=£I~=I:~~= 
I 'I ,. I ! , I I I I I I , I I I i I 

-5········_····r·············r·······_·····r·············l·······_····r············l···········_··r·_··········"/"·············r·············r··············"1""········ ...... . 

Notes) 1. TA=25°C, CG=5 pF, Co= 10 pF, measured with crystal oscillator KF-38G, 
manufactured by Kyocera 

2. The amount of relative change in oscillation frequency (ppm) is expressed by f:" f. 
f:" f is the amount of change relative to the oscillation frequency at VDD = 4 V. 

f:"f = 
fosc (VDD) - fosc (VDD = 4V) 

fosc (VDD = 4V) 
X 106 (PPM) 

3. 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. 
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Figure 5 Typical oscillation frequency characteristics VS ambient temperature 

Ambient temperature 

-10 0 40 50 60 ("C) 
,i ! i ' i i ! i TA 
I, "I"!' 

................. 1 ................ 1 ..... "'·10 .. -. .. ...... L.. ............. " ................. \ ................ ' .............. ; ............... 1 ............... 1... .......... -.. 
I I I iii (Ref~rence value) 

l' ~ ~ (PfH) I I I I ................. , ........... -~ .3 ".6o .. · .. r .......... · .. ·, ........ · ........ i· ............ · .. r ........ ·· .... i ...... · ........ i· ........... 1" ............ _ . 
• ~ aI .... -
~ ~ ~I~----------~. U '" .. -E 
~ ~ ....... ·5"C The above 
.......... range extended 

~ ("C) 
C __ ~0 __ -75 __ ~1~O __ .-~~~~~ __ -r __ ~~~ __ TA 

Notes) 1. VDD = 2.5 to 6V, CG = 5 pF, Co = 10 pF, measured with crystal oscillator KF-38G, 
manufactured by Kyocera 

2. The amount of relative change in oscillation frequency (ppm) is expressed by ~f. 
~ f is the amount of change relative to the peak value when VDD = 6V and 
TA=22.5°C. 

~f == 
fosc (VDD, TA) - fosc (VDD=6V, TA=22.5°C) 

fosc (VDD=6V, TA=22.S0C) 
X 106 (PPM) 

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

4. The temperature characteristics of the oscillation frequency mainly represents 
characteristics of the crystal oscillator itself. Generally, the oscillation frequency 
temperature change amount (~f) of a 32 kHz crystal oscillator is expressed as 
follows: 
~ f = K(TO-T A)2 K: temperature coefficient 

TO: temperature at peak value for the oscillation 
frequency (around room temperature) 

8-98 



K and TO vary with the crystal used. 
Reference) KF-38G was used, and the values are as shown below: 

K = - 0.038 (PPM/oC) TYP ITA = - 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 CG and Co 
(iii) Floating capacity of the PC board to 

be mounted 

(v) Working power supply voltage 
(vi) Ambient operating temperature 

One of the keys to improving the clock accuracy is to match the frequency rankings*lI 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 ran kings according to the load capacity values 
in a standard circuit, and ran kings generally overlap. 

CD Using fixed CG and CD 

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 CD. Change the CG and CD values and measure the oscillation frequency to look for 
appropriate CG and CD values. Note, however, that larger CG and CD 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 CG and CD 
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 CD values. Consumed 
current varies a little with the CG and CD values. See Figures 8 and 9 for reference. 

® Using a trimmer capacitor for CG to fine-adjust the frequency (with fixed CD) 

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 CD. 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 CG is from 5 to 35 pF. Change the CD value 
and measure the oscillation frequency to look for the appropriate Co value. Taking Figures 
6, 8 and 9 into consideration, the CD 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 freq!Jency ranking. 
After changing the crystal, repeat the above procedure to determine the CD value. After the 
CD 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 0 to 
1 PPM faster). 
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@ Using a trimmer capacitor for Co to fine-adjust the frequency (with fixed CG) 

When using a trimmer capacitor for CD, the procedure is the same as 0. The fixed CG value 
may be 5 to 15 pF. 

Figure 6 Oscillation start time VS CG 

(SEC) I I I I i I 
3 ··-·······'·····Ii--~~:::,:t;------j-----t:;;:;-r-----

................ ................ t ............. _ .................. l ..... _._ ........................ L. __ ••••••••••••••••••••. • •. .I .......•.... _ .................... ! .. _ ..................... . 

II i I ! I I 
. i ! I i I 

2············.··1.. ..... ··.· .... 1 ..... ·.···.··· ... · .... · .......... ) .... ····.· .... ·· ... · ..... ··.·.·1·· ........................ l ................................ ! ....................... . I Ii! i I 
i! I i CD=30P(1 i 
I Ii! I 

················j················I················· .. ·· .......... -j--........... . .............. 1 ................................ 11 •........•...•.••••..••••• 

I! i I CD=20P(1 I 
1 ................ j ................ ,................ ······_·····1······ .............. 1 ................................. 1 ......................... . 

I' I I CD=10PI' I 
--1""""---1----

O~~--~------~----~~----~----~~----CG 
10 20 30 40 50 (p(1) 

Notes) 1. VDD=4.5V, TA=25°C, crystal (CI;::!i!35 kOl 
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 

<D 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. 

RP/RF5C62 

RF 

Consider the following: 

TTL or CMOS 
I-~-!oscillation circuit 

C = about 20 to SOpF 

Figure 7 

c::J 32kHz 

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 sto~ped (TM3 bit is 0), resetting the 
XSTP bit to 0 and setting the timer clock select register reactivates the timer. 

@ Driving another Ie 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 I 
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 CD is fixed and 
CG is varied 

Figure 9 Typical rest current consumption characteristics when CG is fixed and 
CD 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 CG (With fixed CD) 

(J.L A) 

: .......................... \.... ...........•.. Ii 

! 

! ...... ~..... . .......................... 1 ............................... . 

1"'r I I 
! ! I 
' .................. l I ..... ..1 

1 (~eference ~~~ue) I 
·············r······ ................... /" ··············1 

'r 
·············f 

I 

3 ............1 

4 

( 1st) 

; 

......... , ......... __ ........ 1. ' ....... ..1 .......... 1.-... ... -- .......... . 
'I I,' ' ! Ii 

I 
2-~!---!+:~~~m: 

- ! I .... mll-·····L~~::;' 

'--::l-~::-=F---~r--~i- ·1··· --_ .. --

oL------ILo------2~O----~3~O----~40~----~50~(p-r-)---CG 

Notes) 1. VDD=3V, TA=25°C, crystal (CI~35 k!l) 
2. The above figure shows typical characteristics. Use it for reference only. I 
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Figure 9 Typical rest current consumption characteristics VS Co (With fixed CG) 
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I I I 4 ·······························l·······························r····························l· .. ····························T······························r······· ........................ . 
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i i ! I 1 
i I . I 
i I I I I -··································r··················· .............. j._ ........... _._ .............. j .. _ ...... ·······················1··································I·············~·CG-5PF 

I ! I ! ::t:=--CG=10PF 

'----:+=~~:::: 
................ . ............... 1 ... --.......................... . 

1-----------L---l--------t---
1 .................................. . .... _ .................. _ ...... \ .. _ .............. _ ... _ ........ _ ..................... -.......................................... _ ..................... _ ..... .. 

O! CD 
10 20 30 40 50 (PF) 

Notes) 1. VDD=3V, TA=25°C, crystal (CI;;a35 kO) 
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 
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Notes) 1. CG=5 pF, Co=10 pF, TA=25°C, crystal (CI~35k m 
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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................ · 
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I I I I I 2 .......... · .... ~ ...... · .. 1 .......... · .......... = ...... 1 ...... · ........ · .................. ' ............................... '\' ................................................. .. 

i ~I 1,-
(I st) 

I I Ambient 
o +20 +40 +60 +80 temperature 

("C) 
o -20 

Notes) 1. CG = 5 pF. Co = 10 pF, VDD = 2.5V. crystal (CI;a 35 kO) 
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 

Notes) 1. CG=5 pF, Co=10 pF, TA=25°C, crystal (CI~35 kO) 
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) I/O interface circuit 

AJ~AO ---t--ct Address 

RD ---t1[~:;fI--Read 
CS 

WR---+~~ Write· 

DJ~DO __ -1~L::y-r--'-Oata bus 

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 VOO or 
more), the device enters the operation mode and 
the CPU can access to the device. When reading, 
there is no problem if the RO 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 AD, RO, CS, WR, 
and 03 to DO terminals are floating, no through 
current flows in the input circuit. The "L" level for 
the CE input is 0.2 VOO 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 VOO, three AC timing standards are set: VOD=3V (± 10%), 
VOO = 6V(i)( ± 10%), and "DO = 5V@(± 20%). To operate the system with low power 
consumption, an effective method is to reduce VOO. For that purpose, an AC timing standard 
of 3V is set. 
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Figure 14 Example of CPU connection 

Z80 and 5C62 

Z80 5C62 

A. -A1 S ~ Address F>--- CS 
IORQ ~ Decoder 

A.-A. • A. -A. 

D.-D. D.-D. 

RD RD 
WR WR 

I POllerdolln r 
detector CE 

8086 and 5C62 

8086 5C62 

Address 
~ CS Decoder 

1~ A.-A. 

ALE -- A.-19 

~-19 ~ BJf[ 

JE Latch 

AD.-.. D.-D. 

RD RD 
WR WR 

I POllerdolln r 
detector CE 
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6809 

A.-Als 

BS 
BA 

6809 and 5C62 

5C62 

A. -A. t======~A. -A. 
D. -D. D. -D. 

R/W 1---.----;-, 
E f--t...f---LJ 

68000 and 5C62 

68000 

D.-D. 

R/W 
LOS 

5C62 

A.-A. 

D.-D. 

RD 

WR 
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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 
VDD -- System power / operation voltage 1-

supply voltage ~ . 

I ~ Battery voltage I 
CE I I 

o.2~1 !ko 
j iiI 
! i I I 
H h 

Figure 15 Iml OiJlS Hn~ OiJlS 

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 

System power supply 
5C62 

INTR 
THOUT 

OSCIN 
Cl 

OSCOUT 

VDD 

Figure 16 

Figure 16 shows an example of the circuit 
around the power supply circuit. In the 
example, a lithium battery is used. Locate 
the capacitor as close to the IC as possible 
(if possible, use a ceramic capacitor of 
O.OlI'F or more and a tantalum capacitor in 
parallel). Connect one side of the oscillation 
circuit capacitor to VDD (the oscillation 
circuit is driven by a negative regulator from 
VDD, with VDD as reference). 
Pull up the INTR and TMOUT outputs to the 
system power supply side so that no invalid 
current flows from the battery during battery 
backup (the INTR output operates when 
CE = "L", and the TMOUT output does not 
operate when CE = "L"I. 

8-110 



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 
o 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 interru'pt 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 0 when using 
the timer (if the oscillation is not stopped, the timer starts o.peration when the timer clock 
select register is set even when XSTP = 0). For a fail-safe system using a timer, it is 
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recommended to have a routine to write the timer cycle setting data occasionally to the 
timer clock select register. 

(g) Oscillation stop detection 
5C62 !;las 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. 
At initial 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 0, 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: 
CD 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 G2 (XSTP bit is not used) Power-on procedure (2) (XSTP bit is used) 
(Initialization follow) (as when batteries are used) 

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

'-----,,-----' 

Internal register and output 
terminal values are not de­
termined when the power 
is turned on from ov. 

Processing to make the 
INTR and TMOUT out­
puts "H" 10FF) 

........ 

To raise VOO from OV, a wait time 
Is required to activate the 32 kHz 
crystal oscillator. Also, set the 
timeout processing to escape 
from this loo~. 

\ ..................... . .............. 
After setting the clock and alarm, 
set WTEN or ALEN to 1 to acti­
vate them • 

............................... _ •• , ...................................... ,1 

.. ::~ 

Considerations In using XSTP 
1. Prevention of oscillator con­

densation 
2. Prevention of temporary 

VOD failure 
3. Prevention against noise by 

PC board design for the os­
cillation circuit 

Processing to set the 

.. ___ ....»: ___ --, jlNTR output to "H" 
..... I (OFF) 

V((TMOUT Is "H" (OFF)) I when XSTP = 11 

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

.... 

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

I batteries by another processing route. 

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 ill 

..... 

Write to clock and 
calendar 

OR 

Read of clock and 
calandar 

.. ,," Set this once before writing to tha clock. 
..... Set it at power-on initialization . 

-:::. ......... . 

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

If the one-year or ten-year counter is written to. the leap year operation is 
performed (There is no need to set the leap-year register). To disable the leap­
year operation, write 4H (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 " ... til 2099). 

L-----,r-~---l .. ~~ ........... . 
WTEN is set to 1 when the CE input is "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 it is 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 ® 

Interrupt to CPU 
by the INTR out­
put of 5C62 

(Note 11 
When INTR is set to the level 

•
. ::: ........••............ m.o~e interrupt '103 bit ~f th~ cY'-1 
. chc Interrupt se ect register IS 

........ 

(Note 21 

No 
~----~ To interrupt processing of other ICs 

When reading the clock and calen­
dar finishes within (lNTR set cy­
cle - 30. 5,.sl after the INTR out­
put goes "L". (To prevent reading 
mistakes due to a carry during 
readl 

......... 

• This read is possible when the above two conditions (notes' and 21 are met. 

Read of clock and calendar @ 

If the INTR set Interrupt cycle is short, be careful of the Interrupt processing 
time. 

111;: •••••• - •• _ ........ . 

•. :::~. Carry of the clock and the calendar is performed In the following order: I 
..•...•..... , second digit (address 01 ... , 0 seconds digit (address '1 ......... 

.... 1 year digit (address 81'" 10 years digit (address CI. (including delay 
timel. Read the clock 'In the order from eddress , to address C . 

. The path for re-reading to prevent wrong values from being read, when 
• ... ..•• - •..••... the first' second digit data does not match the second data because 
..... data Is reed before end after the carry. 

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

, If an invalid value i •• elln Ihe alarm regisler, il i. no problam; Ihe alarm malch 
/ operation i. ju.t nol performed. Afler setting ALEN to 1, however, set an 

,/ ;~.,;'w •• 

r-----l~---,; .. : .. 

Raference) 

When the alarm time Is sel 10 Ihe same time as Ihe clock, eilher of Ihe 
following occurs: 

ALEN = 0: ALFG is O. 
ALEN = 1: ALFG i. sel to 1 and INTR to "L" within 61.1I's. 

When the ALEN bil is 1 and the clock malches the alarm lime, ALFG = 1 
and INTR - "L". There are two ways to set INTR = "OFF" and ALFG = 0: 
wriling 0 10 Ihe ALFG bil and wrillng 0 10 Ihe ALEN bil. Afler wrillng 0 
to Ihe ALEN bit, returning the ALEN bil from 0 10 1 while the clock matches 
the alarm time, ALFG becomes 1 and INTR becomes "L" wilhin 61. 11's 
al mOSI. 

+ 30 seconds adjustment of the seconds digit 

....•. 

r----..... ---...,.~:: .. /' 

\ 

The 8 Hz to 1 Hz divider below the digll of second is reset and restarted. 
When 8 clock Interrupt of 1-second or 60-second cycle Is set end iiiiTR = "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.l 

OFF 
L ./ 

t;? 
Writing 1 \.. U 200 
to ADJ -- P to I's 

Up to 122.11's Is required to finish the adjustment. During the adjustment, 
the 8SY bit Is 1. 
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• Space filtering 

Space filtering means to extract specific 

information and elements required for input 

image data. It is analogous to general FIR type 

filters (such as low-pass and band-pass filters for 

communications), performed on image data that 

consists of i X j dot matrix. 

To perform image filtering on pixel m in 

Figure 1, output M is calculated by equation (1) 

from point m and from data of surrounding 

points (neighbor pixel areas, for example, from 

point a to point y). 

M = a X W 11 + b X W 12 + .... + m X W33 
+ .... + Y X W55 ............................................... (1) 

Wij is a two-dimensional filter coefficient as 

shown in Figure 2. Performing the operation on 

all input pixels enables space filtering. 

Space filtering enables various image pro­

cessing, for example, smoothing images, ex­

tracting edges, and enhancing edges. To 

smooth images, specify filter coefficients as 

shown in Figure 3. The neighbor pixel data items 

are averaged by equation (1) as follows: 

1 
M =25 (a + b + c + .... + m + .... + y) 

With the output of the average value, pixels 

are smoothed. This operation can be used to 

eliminate fine noise on images. 

Figure 4 shows the filter coefficients for edge 
enhancement, which displays characters 

clearly. 

Space filtering can be applied to various 

types of processing by changing filter 

coefficients. 

5C67 

Processed pixel 

Neighbor pixel a rea 

1 
a b c d e 

f g h i j 

k 1 m n 0 

p q r s t 

u v w x y 

Figure 1 Input pixels 

W11 12 13 14 1S 

21 22 23 24 Z 5 

31 a2 Wa • .4 .s 

41 42 4a 44 45 

51 52 53 54 55 

Figure 2 Filter coefficients 

1125 1125 1125 1/25 1125 

1125 1125 1125 1125 1125 

1125 1125 1125 1125 1125 

1125 1/25 1/25 1125 1125 

1125 1125 1125 1125 1125 

Figure 3 Filter coefficient example 

-1 -1 -1 -1 -1 

-1 -1 -1 -1 -1 

-1 -1 25 -1 -1 

-1 -1 -1 -1 -1 

-1 -1 -1 -1 -1 

Figure 4 Filter coefficient example 

---------------ltD©®OO-
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5C67 

• 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 speciallC 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 RF5C67 solves these problems. RF5C67 is a 
special LSI that performs space filtering on 5 X 5 pixel area quickly and flexibly. 

• High speed: 25 ns/pixel max. 
• Flexible: Possible to change filter coefficients 

• 5C67 Features 

• 5 X 5 image area flat surface filtering 
• Operating frequency: 20 MHz 

• Processing speed: 

• Pixel data: 
• Coefficient data: 
• Number of input data items: 

• CMOS process 
• + 5 V single power supply 

• Package: 
• Rounding: 

25 ns/pixel (Odd-Even mode, two 5C67s use) 
50 ns/pixel (Serial mode, one 5C67 use) 
6-bit, integer 
7-bit, two's compliment, changeable 
10 (Odd-Even mode) 

5 (Serial mode) 

100-pin flat package 
. 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 0 }s I bl 
Absolute value is taken e ecta e 

-IIU©®OO---------,--------
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• Operation 

RF5C67 contains 15 multipliers, a divider, 
and an FA block that performs rounding. Figure 
4 shows the internal block diagram. 

(1) Product sum calculation unit 
Performs product sum calculation of five 

data items for each main scanning line. 
(2) Addition unit 

Adds the resultant data of the product sum 
operation for five lines. 
(3) Division unit 

Divides the resultant data of the product 
sum operation of 25 pixels. 
(4) FA block 

Rounds the final result of space filtering, 
and obtains the final output result. 

SC67 

Division Q 
unil U 

lEnlarged figu~ _______ 
sum calculation unit ~ 

Figure 4 Block diagram 

----------------ICD©®DO-
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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 Ao 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. 

1 
Y6 -] 

1 1 1 
16 -8- -

16 
-1 -2 

1 ~ 2 ~ 1 
16 8 8 ~ -1 -2 32 

1 1 1 
16 -8- 16 -] -2 

1 
I6 -1 

Figure 5 Figure 6 

(b) Serial mode and Odd-Even mode 

RF5C67 performs space filtering in two 

modes: 

CD Serial mode 

® Odd-Even mode 

In the serial mode, one pixel data item is 

entered for each of the five main scanning 

lines (totally five data items) simultane­

ously, and one pixel processing result 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 

-1 

-2 

-1 

-1 X 
1 

Hf 

IIIll III •• 

III •• IIIz• 

\11., III,. 

W4]. W.z 

Ws• W" 

111., ±III, • ±Wu 

111., ±W •• ±IIIZl 

W ... ±W •• ±W31 

III •• ±W •• ±W41 

Ws• ±Wsz ±Ws• 

Figure 7 

--~ Main scanning direction 

011 DlZ DlO D'4 D15 D •• .. .. .. .. 

Dz. Dz• Dz• D .. D2 S D. s . ... .. .. 

D31 D3• D., D •• D35 D •• .... .. .. 

D41 D •• D •• DH D. s D46 ... ' .... 

D» D,. Os. Ds. Dss Ds• . ... .. .. 

D •• D •• D •• D •• D. s D •• . ... .. .. 

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. 

The following explains the processing of the image data shown in the above figures in the serial 

and Odd-Even modes: 

-ICD®®[){]---------------
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CD Serial mode 

Figure 8 shows a 5 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: (011, 021, 

031,041,051), (0 12,022,032,042,052), (013, 

023, 033, 043, 053), ... , filtering results are 

output as follows: F(033). F(034), F(035), ... 

The same pixel data item must be entered 

to two terminals, for example, data for the 

first line to input terminal OAI and OAII, and 

the data for the second line to OBI and OBII. 

® Odd-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: (011, 012, 

021,022,031,032,041,042,051,052), (013, 

014,023,024,033,034,043,044,053,054) ... , 

Odd mode RF5C67 outputs (033), and 

F(035), and Even mode RF5C67 outputs 

(034) and F (036) simultaneously. 

DII.O,,,O," I)Il,D 11.D" C nAT 

DAn 

D'1.D"'[)2n 0 11 ,0,.,1)" L DAI 
DAII 

Du,DOI,D," [)Il,DJ!,D l1 L DAI 

DAn 

D",D",[)," D".I)",O" L nAT 
DAn 

[)<l,D~l,D," 1)",0",1)" [~ ~~l[l 

I 
('LK 

5C67 

0.,., -X,X,F([),,),r(DH ) 'F(D,n~l)XX 

X,X,F([),,), FeD .. ) 

S I'MS -.!t (X Unddin~d) 

Figure 8 

0" D'n I .. D" D" --- -- DAI 

I)" D'n D" 0" SCfi 7 (0) 

[hi D'n 1" Oil DI\ DR I Odd mode 
Du D10 .. DII D" 
D" 0'"_1 .. Dn D" 
D'1 Do, D" D" 
D" D • ., On 0<1 

D" D'n I)" DOl 

])61 D" D" D" 
D" D," D" D" 

, 
DCl 

DDI 

o"_~ X,F(DJJ),F(D,S) F(n,,) 
F(Do) pm,s) 

Df,1 SPMS ---;1r 

-r-itttttttH OEMS r-.. 
------i 
DAI 

n 5C67(Ej 
- DB! 
~ [I 

-- nC! 
L_ , 

---- DDT 
--~ n 

-----DP.l 

'------------ [I 

Ev~n mode 

o""'~ ~X,F(D,,).F(OJd.F(Dn) 

nD,,), 1"(0,.), F(D,,) 

Figure 9 

-----·----------ICD©®OO-
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5e67 

The Odd and Even modes are switched by OEMS (Odd-Even-Mode Select) input. When the OEMS 
terminal is LOW-input, RF5C67 is in the Odd mode. When the OEMS terminal is HIGH-input, RF5C67 
is in the Even mode. 

For the Odd mode, enter pixel data as follows: 
0 11. 013, 015, ... to OAI 
012,014,016, ... to OAII 

For the Even mode, enter pixel data as follows: 
011,013,015, ... to OAII 
012,014,016, ... to OAI 

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 

-ICO©®OO---------------
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5C67 

(c)Value format 

The following explains the value format for input data, coefficient data, and output data. 
<D Input pixel data 
Input data is a positive 6-bit integer. 
0;;2 0;;2 63 

(2) Coefficient data 
Coefficient data is a 7-bit integer, and expressed as two's compliment. 
-64;;2 W;;2 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 ;;2 X ;;2 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. 
• Rounding of positive values: 
Positive values equal to or larger than 64 are rounded to 63. When rounding occurs, the OVR output 
terminal becomes "W. 
• Rounding of negative values: 

There are two ways to round negative values, selected by FA input: 
When FA = "W: 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 "W. Figure 10 
shows the relationship. 

FA= 1 Calculation result 

FA=O Calculation result 

-40~._--(63),--oO -~--=.;;.o 

Finalout~ 
o 63 

Figure 10 

FA="H" =- -40'S=64:.''6ZCC:I-u.' 6f"63-6"4-;-"4095 
r. .. loo'pu' 63··· 63 63 62··· 1 0 1 "'62 63 63 ···63 -------- - - .. ~-------.-
OVR 1··· 1 0 0··· 0 0 0 ... 0 0 1 ... 1 
SGN 1'" 1 1 1··· 1 0 0 ... 0 0 0··· 0 

Ii' A="L" ----- -.------------.-

:":,.t;M-4095···-64-63-62···-1 0 1 "'62 63 64 ···4095 
r,""""p,t --o-:-::--oo---o-:-~:o-o ry-:-:-:62 63 63 ···63 

----------
OVR 1'" 1 0 0'" 0 0 0 ... 0 0 1 ... 1 
SGN 1:-:--1--11:~-:t-0 --():-:-:-ii-oo~ 

--------'----------:------ICO©®I]{]-
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5C67 

(d) Entering coefficient data 

To perform filtering using RF5C67, specify 15 multiplication coefficients and division coefficients. 

Use terminals Ao to A4 and Do to 07, and input terminals CS and WR. 

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

Do to 07 are data buses to enter coefficient data. 

Coefficient data can be written with the CPU directly connected. 

5 
Ao~A4 / Ao~A4 

As I------

S 
r---

Decoder 
_._-- CS 

CPU RF5C67 
An -

R/W .,...... 

) W 
IOSTB .... 

Do~D. 
8 

Do~D. 

CPU 5C67 

Figure 11 Connection to CPU 

-ICD©®DO----------------
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5C67 

<D Multiplication coefficient 

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

D7 D. Ds 1)4 D3 D. D1 Do 

I PM I y 

Y is 7-bit integer data expressed by two's compliment as Wil. W12. or Wi3. PM indicates whether 
the sign of Wi4 and Wi5 is the same as that of Wil and Wi2 or is reversed. 
When PM=O. Wi5=Wil or Wi4=Wi2 
When PM= 1. Wi5= -Wil or W14= -Wi2 
For example, to enter as follows: 

Wl1 = 3 
W12 = 3 
W13 = 3 
W14 = 3 
W15 = -3 

Enter data as shown below: 

D7 D. Ds D. D3 D. D1 Do 

\\111 I 1.1 ~ I 0 I 0 I 01 0 11. I } I 
t W11 =3 
LlIIls=-Wl1 

11' .. I 0 I 0 I 0 I 0 I 0 I 0 I 
t < --Va 
LWIS=W1Z 

Don't Care 

4 3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

0 1 

0 1 

0 1 

Odd- Ser-
A 

even ial 

2 1 0 mode mode 

0 0 0 W" W, • 

0 0 1 W .. W" 
0 1 0 W, • W, • 

0 1 1 W. , W •• 

1 0 0 W .. W. , 

1 0 1 W •• W •• 

1 1 0 W. , W •• 

1 1 1 W •• W. , 

0 0 0 W •• W. 3 

0 0 1 W. , W .. 

0 1 0 W .. W. , 

0 1 1 W •• W •• 

1 0 0 W .. W .. 

1 0 1 Ws • WS1 

1 1 0 Ws • W .. 

Filter Coefficient 

---------------ICO©®OO-
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5C67 

<ID Division coefficient 

The divider used in RF5C67 consists of 
shifters and adders/subtracters. To specify co­
efficients, enter data to three registers. 

1) Divider operation principle 
Figure 12 shows the block diagram of a 

divider. 
Shifters 1 and 2 shift data to the right 

arithmetically by 0 to 4 bits, and shifter 3 by 
o to 5 bits. For adders/subtracters, use each 

PM input to select to perform addition of A 
+ B (PM = 0) or subtraction of A - B (PM = 
1). When SW1 and SW2 inputs are 0, the 
input of the A-side of the adder/subtracter 
becomes 0, and the input from the B-side is 
output as is. 

x 

SWl 

PMl 

(B) 

SW2 

PM2---;.l 

When input data is X, 
Amount of shift 1 is p, 
Amount of shift 2 is q, 
Amount of shift 3 is r, 
SW1 = SW2 = 1, and 
PM1 = PM2 = 0, Figure 1 2 Divider block diagram 

Data at (A), (B), (C), (D), and (E) in Figure 
12 are: 

(A) = 2-PX 
(B) = X+2-p·X=(1 +2-P)X 
(C) = (2-PX)"2-q=2-(p+q)X 
(D) = X+2-PX+2-(p+q)X=(1 +2-P+2-(p+q))X 

(E) = 2-'(D) 
:. y = (2-'+2-(P+')+2-(p+q+r))X 

Therefore, 2-' + 2-(p+r) + 2-(p+r+q) is the coefficient of the division. 
As an example, lefs divide 1 by 25. 
1/25 can be described as follows: 
1/25 = 2- 5 + 2- 7 + 2- 11 + 2- 12 + 2- 13 + ... 

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 + 2- 7 + 2- 10 (=0.040039). 

-ICD©®OO-------:------'--------
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At that time, 

r= 5 p=2 

p+r= 7 q=3 

p + q + r = 10 r = 5 

5C67 

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 

the values of SW1, SW2, PM1, and PM2 to 

three registers. 

The table on the right shows address input 

to select the three registers. 

LATCHl 
D7 • S 4 Do 

IIJ]Mll sWll Shift 1 .J 
LATCH2 

[)7 4 Do 
I X I PM~ SW~ Shift 2 ..J 

LATCH3 
D7 4 Do 

I X I X I Shift 3 ] 

X:Don't Care 

A 

4 3 2 1 0 

1 0 0 0 0 LATCH! 
1 0 0 0 1 LATCH2 
1 0 0 I 0 LATCH3 

Substitute 0 or 1 for PM 1, PM2, SW1, and SW2. For shifters 1,2, and 3, enter the following data 

according to the amount of shift: 

I 0 0[0 0 0 I 1 I O-bit shift 

I 0 01 0 0 10l I-bit shift 

10 01 0 0 uu 2-bit shift 

L!J 0 I 1 0 0 ILl 3-bit shift 

10 I 1 I 0 0 0 I 0 I 4-bit shift 

I 1 0 LQJ=:l:LliJO 5-bit shift 

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

in misoperation. 

--------------ICO©®OO-
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5C67 

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

before, PM 1 = 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 
D, • s 4 3 Z l Do 

I X I 0 I 1 I 01 01 1 I 010 I 
t i " v 

PM1=0 SW1=1 2-bit shift 
LATCH2 

~. S 4 • Z , D. 
I ruTITI[]] 0' 0 L1J 

t t' " ' 
PM2=0 SW2=1 3-bit shift 

LATCII3 
D, • S 4 • Z 1 Do 

liD , 11,0' 0 'JJITIJ 
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 Address 
Input data 

coefficient 0, D. Os 0 4 D. D. 0, Do HEX 
1 0 X 0 1 0 0 1 0 0 24 

1/25 1 1 X 0 1 0 1 0 0 0 28 
12 X X 1 0 0 0 0 0 20 
1 0 X 0 0 0 0 0 0 0 00 

1/15 1 1 X 0 1 1 0 0 0 0 30 
1 2 X X 0 1 0 0 0 0 10 
1 0 X 1 1 0 1 0 0 0 68 

1/9 1 1 X 0 1 0 1 0 0 0 28 
12 X X 0 0 1 0 0 0 08 
10 X 0 1 0 0 1 0 0 24 

1/3 1 1 X 0 1 0 0 1 0 0 24 
1 2 X X 0 0 0 1 0 0 04 
10 X 0 0 0 0 0 0 1 01 

1/8 1 1 X 0 0 0 0 0 0 1 01 
1 2 X X 0 0 1 0 0 0 08 

X: Don t Care 

-" -ICO©®[J{]---------------
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5C67 

• Timing chart 

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

Odd-Even 

mode 

Pixel 
input 

UK 1 I UK 2 I UK 3 I UK 4 I _____ _ 
Tieve 

f.----·~~~~~~~~~-t-11 TieD 
I Ti I'D 

Pixel 
output al"(I)i4)~ 

Serial 
mode 

Parameter 

Clock Cycle 

Input pixel Set-up Time 

Input pixel Hold Time 

Output pixel Delay Time 

Output pixel Pipeline Delay Time 

I 

Symbol MIN MAX Unit 

Ticyc 50 - ns 

TiST 30 ns 

TiHD 5 ns 

TiCD - 30 ns 

Odd-Even mode 14 clock 
TiPD 

Serial mode 15 clock 

See data sheet for detail 

---------------ICD©®08-
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5C67 

• System configuration example 

1 For operation in the serial mode 

CPU 

WR Data 

Data Bus 

Address Bus 

AO- CS WR DO- OE SET 
A4 D7 

1 line Dela.y DAIO-5 
FA 

DA1[0-5 SPMS 
lline Dela.y DBIO -5 

DB1[0-5 

1 line Dela.y DCIO ~5 5 C 61 0 0- 0, Output Da.ta 
DC1[0-5 

DDIO-5 
SGN 

1 line Dela.y OUR 
Image Da.ta. DDI[O -5 

6 
DEIO -5 
DEI[ 0-5 

TIN 
TEST 

CLK TEST 2 
CLock (MAX 20MHz) 

-ICD©®OO---------------
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2 For operation in the Odd-Even mode 
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~D' Q' DDIO-S 
L-_ f-> DDIIO-' SGN 

~D' Q' DII0-5 OVR 

r~ 
L-I~ DI.D:O-5 
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f--.CLK 

TISTI 
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RX5VA Appli. Manual 

• 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. 

• Features 

• Extremely low power consumption. . . . . . . . . . . . . . . . . . . . . .. TYP. 1.0p,A (VDD=3.OV) 

• Wide voltage range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5V to 10.0V 

• Variety of detect voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.1 V step 

• High accuracy ....................................... ±2.5% 

• Good temperature characteristic for detect voltage. . . . . . . . . .. TYP. ±100 PPM;oC 

• Output Options. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. N-ch open drain, 
P-ch open drain, 
CMOS 

• Compact Package .................................... TO-92, min-power-mold 

• 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 

• Block Diagram 

Fig. 1 Block Diagram 

8-140 

• Pin Configuration 

TO-92 

1 2 3 

(TIT) o 

Mini-Power-Mold 

I~Woll 
3 

1. OUT 
2. VDD 

3. VSS 

Fig. 2 Pin Configuration 
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• 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. 

en 
E 
~ 
C> 

.!!! 
o 
~ 
tJ 
.2 
Cl 

.... 
"-
<0 

.s:; 
u 
(1) 

E 
i= 

N-ch open-drain 

(RX5VAXXAX) 

P-ch open-drain 

(RX5VAXXBX) 

VDD 

-VOET 

vss 

VDD 

vss 

3-terminals 

mini-power-mold 

TO-92 

Fig. 3 System Block Diagram 
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• Absolute Maximum Ratings 

PARAMETER SYMBOL RATINGS UNIT 

Supply Voltage VDD 12 
V 

Output Voltage VOUT VSS-0.3-VDD+0.3 

Output Current lOUT 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) 

• Electrical Characteristics 

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNIT 

Detect Voltage -VDET 
(-VDET) (-VDET) 

V 
X 0.975 X 1.025 

Hysteresis VHYS 
(-VDET) 

V 
X 0.05 

VDD= 2.0V 0.9 2.7 

3.0V 1.0 3.0 

Supply Current Iss 4.5V 1.15 3.45 p.A 

6.0V 1.3 3.9 

10.0V 1.7 5.1 

Operating 
VDD 1.5 10.0 V 

Voltage 

Nch 

VDS=O.5V VDD:l.0V 0.5 

2.4V 3.6 

3.6V 6.5 

Output Current lOUT 4.6V 8.6 mA 

6.0V 11.6 

'10.0V 19.6 

Pch 

VDS=2.1V VDD:4.5V 0.04 

Temperature ~(-VDET) 
-30°C ~Ta~80°C ±100 PPMtC Coefficient /~Ta 
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• Functional Description 

Operating Conditions 

Supply 
Voltage 
(VDD) 

e~7f:~e +VDET 

e~~;~e -VDET 

Min. operating 
Voltage 

VSS 

Output Voltage 

VSS 

Fig. 4 Block Diagram 

Fig. 5 Operating State Description 

Description of Operation 

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

RX5VA Appli. Manual 

VDD 0 In the case of the RX5VAXXA 
type, the drain of the Nch. tran­
sistor is connected to the OUT 
terminal. 

o In the case of the RX5VAXXB 
type, the drain of the Pch. tran­
sistor is connected to the OUT 
terminal. 

o In the case of the RX5VAXXC 
type, the drain of the Nch. tran­
sistor and the drain of the Pch. 

VSS transistor are connected to the 
OUT terminal. 

Internal Conditions 

Operating State (i) ® ® @ ® 
Comparator I II II II I (+) Input Voltage 

Comparator Output H L L L H 

Tr . .1 OFF ON ON ON OFF 

I Pch ON OFF X: OFF ON Unstable 
Output Tr. I X: Nch OFF ON Unstable ON OFF 

Rb+Rc 
I. Ra+Rb+Rc· VDD 

II. Ra~Rb • VDD 

~ On the A point, Vref ~ VDD· (Rb + Rc) I(Ra + Rb + Rc) and then the output of the comparator 

is inverted to VSS. 

The A point shows the detect voltage (-VDET). 

Gl 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. 

lID On the B point, Vref ~ VDD . Rbi (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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• Measurement Circuit 

VDD----=:......., 

VSS--'" 

Fig. 6 Consumption Current Measurement Circuit 

VDDI---..., 

vss ---+----- vss 

Fig.8 Nch Driver Output Current Measurement 
Circuit 

6.0VJI 

l.OV P.G. ru 
VSS--

+7.0V 
Ro 
lOOKO 

r-o-""""-+--OUT 

Co 

~---+---~--vss 

Fig. 10 Propagation Delay Time Measurement 
Circuit (1) 

VDD----r----, 
Rn: RX5VAX XA 
IOOKO 

I-"O'-¢-VDET 
Rp: RX5VAx XB 
lOOKO 

VSS----+---------- VSS 

Fig.7 Voltage Detect Measurement Circuit 

VDD---..., 

f-o---VDD-Z.IV 

vss----+-----vss 

Fig.9 Pch Driver Output Current Measurement 
Circuit 

6.0VJI 
l.OV P.G. ru 
VSS--

+7.0V 
Ro 
lOOKO 

!--<>--+-OUT 

~~---+----.vss 

Fig. 11 Propagation Delay Time Measurement 
Circuit (2) 
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• Example of the RE5VA40C 

2.5 

.... 
~ l. 
:; 
U 
c 

0 

5 

.Q 1.0 
15. 
E 
Oil 
§ 0.5 
U 

T~~ 
V 25·C 

V V ~ v: ~ V 
I~ 

V ,/ V 
.......... v 

V ....... V 

~ 

9 10 

I nput Voltage VIN (V) 

Fig.12 Consumption Current - Input Voltage 

20 

18 

~ 16 
E 
- 14 
f-
::J o 12 

E 10 
~ 

8 8 

~ 6 

8 4 

f.-- VIN 
./' 3.0V 

./ 
/ 

/ .....- 2.5V 

~ V 
V r- 2.0V 

~ V 
1.5V r 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 

VDS (V) 

Fig.14 Nch Driver Output Current - Vos 
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5.0 

2: 4.0 

f­
::J 

g 3.0 
OJ 

I 
:§; 2.0 
.... 
:::J 

B 
:::J o 1.0 

1/ 

RL;'100KO II 

\ 
1.0 2.0 3.0 4.0 

Input Voltage VIN (V) 

Fig.13 Output Voltage - Input Voltage 

5.0 

~ 4.0 
E 

f-
§ 3.0 

.... 
c 
OJ 

~ 2.0 
u 
S 
Q. 

8 1.0 

JsvA10c -3J·cA 5-cY -' 
/SO!C./ VDS=0.5V 

:I / / 
.AI / 
'// 

/1/ 
V 

I 
/ 

1.0 2.0 3.0 4.0 

Input Voltage VIN (V) 

Fig. 15 Nch Driver Output Current - Input 
Voltage 

V 

5.0 
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~ 
I­
:::l 

3:0 

.Q 2.0 

t: 
CD 
t:: 
::J 

U 

~ 1.0 
::J 
o 

~ 

I 
VDS=-

RESVA40C 
Ta=2S'C / 

/ V 
V 

l-----
_f..--

S 
Input Voltage VIN (V) 

2"/", 

1.5~ 
7 

~ 

~~ 

Fig. 16 Pch Driver Output Current - Input Voltage 

B-
CD 
E 
i= 
>-
'" Q; 
o 

1111111 
". 

J:1m\rl 
10 

/ 

1, • tPLH' 

10-1 
].I 

trHL 

10-' 10-' 10-' 10-1 

Output Terminal External Capacity Co (IlF) 

Fig. 18 Propagation Delay Time - Output 
Terminal External Capacity 
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4.4 

4.3 

tu 
o 
> 4.2 

CD 
C) 

~ 
o 
> 4.1 
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<a> 
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4.0 
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RESh40C 

+VDET 

-
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Fig. 17 Detect Voltage - Ambient Temperature 
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• Package Information 

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

* TO-92 Plastic Package 

O.6;"'lAX 

5.2MAX 

[dj~J 

[~J 

r~j 

'I 

Fig. 20 

I 4.2MAX 
E 'I 

~ 
~ 

#., 

~ 
~ 

~ 
Z 

N t 
~ 

UNIT: mm 

Fig.21 

• Pin Configuration 

1: OUT 
2: VDD 
3: VSS 

• Mark 

• Pi n Configuration 

1: OUT 
2': VDD 
3: VSS 

• Mark 

CD0 : Type Number (Code Number) 
®® : Lot Number 

* TO-92 Plastic Package for Taping Method 

5.2MAX 

[~J 

[~~ 

[~~l 

'I 

Fig. 22 

O.5MAX 

o 

UNIT: mm 

CD0®®®®CV® : Type Number 
®@@@ Lot Number 
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• Taping Specification 

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

• Tape Dimension and Direction 

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

o o o o 

4.0±O.1 

'" <:> 
+1 
'" -

1.:::11 =~IJ (~I ===.JIJ 1.:::11 =~IJ [I!::I ===.JIJ_...:......:=..JL-
n Type T2 Type 

Fig. 23 

• Reel Dimension 

1000 pieces can be contained in one reel. 

C"I') 

li~7 
==:;-1, --rlr--r=====: i I 

+1 
'" 

rb178+2 

Fig. 24 
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* TO-92 Plastic Package 

• Tape Dimension and Direction 

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

14.5MAX 

.7±O.2 
00 

j 

~~"±"' 
UNIT: mOl 

RF Type RR Type 

Fig. 25 

• Reel Dimension 

2000 pieces can be contained in one reel. 

I 

--j r-.p30 

: T'L TI I 

I. 
~ 

.1 .p360 UNIT: mm 

Fig. 26 
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• RX5VAXXA Standard Circuit 
(Nch Open drain) 

r-----~------~----~VDD 

VDD 

CPU 

GND 

• RX5VAXXC Standard Circuit 
(C-MOS Output) 

r-----------~~-----1VDD 

Von 

CPU 

• RX5V AXXB Sprit Vss Sources 
(Pch Open drain) 

-VSSI 

R 
lOOKO 

CPU 

GND 

L-____ -4 ______ .... - VSS2 

• RX5VAXXA Propagation Delay Circuit (1) 
(Nch Open drain) 

r-----~----~~-----.VDD 

• RX5VAXXB Standard Circuit 
(Pch Open drain) 

r-------------~----~VDD 

R 
IOOKO 

CPU 

GND 

• RX5VAXXA Sprit Voo Sources 
(Nch Open drain) 

VDDl r-----~------.... VDD2 

VDD 

CPU 

GND 

GND~ Minimum Operating 
1- VOETI: ! Voltage 

, , 

: : :: I+VDETI 

~~~SlIJIi : :! 
, ' 
: : , ' 

: : , , , , 
: ' 

-VSS2 

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

Rl 
lOOKO 
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• Memory· Backup Circuit 

VDD~~~~----~--------~~----~----~----, 
Dt 

VOl> 

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

D2 

,..--------,---- VDD 

• Higher Voltage Detector 
(Nch Open drain) 

• Window Comparator Circuit 
(Nch Open drain) 

VDD 

Ra 

Rb 

r-----~----~----,---VDD 

Vun 'P.>+--OUT 

8-}53 

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

,..-----.. VDD 

Detect Voltage = Ra;bRb . (-VDETl 

Hysteresis Voltage = Ra;bRb . (- VHYSl 

Note) The detect voltage may be differ· 
ent from the calculated voltage value 
due to the voltage drop that derives 
from increase of the current at the 
Ra of the Ie when the value of Ra is 
large. 

VDD~DETI , VDET2 
, , , , 

VSS----+-----~---

rl Vss----~-------------~---

OUT 

I 
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• Over-Charge Protection 

light 

~ 

* Note 

VDD 
VDD 

R 

RX5VA OUT 
series OUT 

VSS 

-=-
Fig. 27 Fig. 28 

1. Don't connect an impedance between VDD and Voo of the RX5VAXXB or the RX5VAXXC as 

shown in Fig. 27, or oscillation may happen. 

In use of the RX5VAXXA 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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• 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. 

Character 

a 

RX5VAXXXX 

t t t t 
abc d 

Defines the packaging type 
E: TO-92 

+- Type number 

Meaning 

H: Mini-power-mold 

Oefines the voltage value that is to be monitored (-VDET) 
b 

The monitor range is 2.00V to 6.00V in O.1V units, with an accuracy of ±2.5% 

c 
Defines the output type 

A: N-ch open drain B: P-ch open drain C: C-MOS 

Defines the packing method 
A-T1 : Taping-T 1 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 

Type 
Voltage Detect (-VDET) Output Driver 

Packing 
number MIN.(V) TYP.(V) MAX. (V) N-ch P-ch C-MOS 

Package method 
Open-Drain Open-Drain 

RX5VA20AX 0 
RX5VA20BX 1.950 2.000 2.050 0 
RX5VA20CX 0 

RX5VA21AX 0 
RX5VA21B X 2.048 2.100 2.152 0 
RX5VA21CX 0 

RX5VA27AX 0 A: Taping 
RX5VA27BX 2.633 2.700 2.767 0 E: TO-92 
RX5VA27CX 0 B: Gluing 

RX5VA45AX 0 H: Minipower C: Electric 
R.X5VA45BX 4.388 4.500 4.612 0 mold Conductive 
RX5VA45CX 0 (SOT-89) bagging 
RX5VA47AX 0 
RX5VA47BX 4.583 4.700 4.817 0 
RX5VA47CX 0 

RX5VA55AX 0 
RX5VA55BX 5.363 5.500 5_637 0 
RX5VA55CX 0 

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

• FEATURES 

• Extremely low power consumption .......................................... TYP. 1.0pA Vout = 3.0V 

• Small input-output voltage difference ....................................... TYP. 60mV lout = 1.0mA 

• Low temperature coefficient for output voltage ....................... TYP. ±100PPMfC 

• Stable input rate ....................................................................... TYP.O.1%/V 

• Accurate output voltage ........................................................... ±2.5% 

• Variety of output voltage levels ................................................ 0.1 V step 

• Compact package ...................................................................... TO-92, mini power mold 

• APPLICATIONS 

• Constant-voltage power supply for battery-powered devices 

• Constant-voltage power supply for camera, communication, and video equipment 

• Stable standard voltage supply 

• BLOCK DIAGRAM • PIN CONFIGURATION 

TO-92 Mini-Power Mold 

RL ~ ~ 2 3 
1 2 3 

CJ 1 GND DDa 

2 Yin 
3 Vout 

Fig. 1 Block Diagram Fig. 2 Pin Configu ration 
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• ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATINGS UNITS 

Input Voltage Yin +12 V 

Output Current lout 150 mA 

Output Voltage Vout Vin+0.3--0.3 V 

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 

• ELECTRICAL CHARACTERISTICS 

Topr: 25"C 

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNIT 

Output Voltage 
(Vout) (Vout) 

Vout Iout=10mA V 
XO.975 x 1.025 

Vin- Vout =2.0V 

Output Current lout Vout =3.0V 40 mA 

Vout =5.0V 60 

Vin-Vout =2.0V 

Load Vout =3.0V 

6. Vout ImA~Iout~20mA 60 mV 

Regulation Vout =5.0V 

lmA~Iout~40mA 40 

Input·Output Iout=1mA 

Voltage Vdif Vout =3.0V 60 mV 

Difference =5.0V 30 
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• ELECTRICAL CHARACTERISTICS Topr' 25·C 

Output Voltage Output Current Load Regulation lnput..()utput . Quiescent 
Type Voltage Difference Current 
Number Vout (V) lout (rnA) LWout (mV) Vdif (mV) Iss (pA) 

Condi· MIN. TYP. MAX. ondi MIN. TYP. MAX. ondi MIN. TYP. MAX. ondi MIN. TYP. MAX. ondi MIN. TYP. MAX. tion ion ion ion ion 

RXSRA20Ax 1.950 2.000 2.050 

RX5RA2IAx 2.048 2.100 2.152 80 

RXSRA22Ax 2.145 2.200 2.255 Vin-

RX5RA23Ax 2.243 2.300 2.357 Vout 
=2.0V f--

RX5RA24Ax 2.340 2.400 2.460 20 30 
1.0 3.0 

RXSRA25Ax 2.438 2.500 2.562 lmA;> 70 160 
lout 

RX5RA26Ax 2.535 2.600 2.665 :i20mA 

RX5RA27Ax 2.633 2.700 2.767 
-

RX5RA28Ax Vin- 2.730 2.800 2.870 
Vout 

RX5RA29Ax ~2.0V 2.828 2.900 2.972 Vin- 60 90 lout~ 60 Vin-Vout f--
RX5RA30Ax 2.925 3.000 3.075 =2.0V lmA Vout 

lout =2.0V 
RX5RA3IAx ~lOmA 3.023 3.100 3.177 

-
RX5RA32Ax 3.120 3.200 3.280 Vin-

Vout 
RX5RA33Ax 3.218 3.300 3.382 =2.0V 50 100 

1.1 3.3 
RX5RA34AX 3.315 3.400 3.485 27 40 

RX5RA35Ax 3.413 3.500 3.587 I.A;> 
lout f--

RX5RA36Ax 3.510 3.600 3.690 :i40mA 

RXSRA37Ax 3.608 3.700 3.792 40 

RX5RA38Ax 3.705 3.800 3.895 

RX5RA39Ax 3.705 3.900 3.997 I 
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Topr: 25'C 

Output Voltage Output Current Load Regulation Input-Output Quiescent 
Voltage Difference Current 

Type 
Number Vout [V) lout [rnA) 6Vout [mY) 6Vdif [mY) Iss [I'A) 

Condi- MIN. TYP. MAX. andi· MIN. TYP. MAX. andi· MIN. TYP. MAX. ondi· MIN. TYP. MAX. ondi· MIN. TYP. MIX. tion ion ion ion tion 

RX5RA40Ax 3.900 4.000 4.100 

RX5RA4IAx 3.998 4.100 4.202 

RX5RA42Ax 4.095 4.200 4.305 

RX5RA43Ax 4.193 4.300 4.407 

RX5RA44Ax 4.290 4.400 4.510 33 50 1.2 3.6 

RX5RA45Ax 4.388 4.500 4.612 

RX5RA46Ax 4.485 4.600 4.715 

RX5RA47Ax 4.583 4.700 4.817 Vin-
Vout 

RX5RA48Ax Yin-You! 4.680 4.800 4.920 =2.0V 

RX5RA49Ax =2.0V 4.778 4.900 5.022 Vin- Vin-
Iou!= 

You! 
lrnA 

You! 
RX5RA50Ax 4.875 5.000 5.125 =2.0V ImA;:;; 40 60 30 60 =2.0V 

lout 
RX5RA51Ax Iou! 4.973 5.100 5.227 ;:;;20.A 

RX5RA52Ax = lOrnA 5.070 5.200 5.330 

RX5RA53Ax 5.168 5.300 5.432 

RX5RA54Ax 5.265 5.400 5.535 

RX5RA55Ax 5.363 5.500 5.637 40 60 1.3 3.9 

RX5RA56Ax 5.460 5.600 5.740 

RX5RA57Ax 5.558 5.700 5.842 

RX5RA58Ax 5.655 5.800 5.945 

RX5RA59Ax 5.753 5.900 6.047 

RX5RA60Ax 5.850 6.000 6.150 

8-164 



• OPERATIONAL EXPLANATION 
OPERATION 

Yin o--_--------+~ .... --..--<l Vout 

Rl 

R2 

GNDo---~------------------~~ 

Fig. 3 Block Diagram 

• MEASUREMENT CIRCUIT 

VIN 
Vih Vout ~ RX5RA 

Series VOUT 

Ci 

1ilF ::~ 
Co 

GND :::'r: 1ilF 

, 

Fig.4 Measurement Circuit 

Yin Vout 
RX5RA 

Series 1-0---_--- VOUT 

GND 

Co 
O.lI'F 

Fig.6 Input Transition Responce 
Measurement Circuit 

Ro 
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The variation of output voltage. Vout, is sent to an 

error amplifier by feedback resistors R 1 and R2. The 

error amplifier compares the variation with reference 

voltage, compensates it to the opposite direction, and 

adjusts the Regulator to nominal output voltage. 

VIN 

~ 
Yin RX5RA f--o Series VOUT 

Ci GND 
1I'F::~ 

- '---

Fig. 5 Quiescent Current Measurement Circuit 

I 
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• TYPICAL CHARACTERISTICS CURVES (Example of the RH5RA50A) 

1 
1- ~o'c 

0 -I-- r-- -\ ""\ 

9 
25'C 

VIN=7.0V 80'C 8 

7 

20 60 80 
Output Current lOUT (rnA) 

Fig. 7 Output Voltage-Output Current 
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5. 1 

VIN=7.0V 

-t---r-
~ r---...... 0 

4. 9 
-40 -20 20 40 60 80 100 

AmbientTemperature Ta (C) 
Fig, 11 Output Voltage-Ambient Temperature 

1.5 

VIN=7.0V 

VI-' 
t--I--" 

l......- i.---
0 .. 

I 
O. 5 

-40 -20 0 20 40 60 80 100 

Ambient Temperature Ta (0C) 

Fig, 13 Quiescent Current-Ambient Temperature 
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Ta=2S'C 

6.0 7.0 8.0 9.0 10.0 

Input Voltage VIN (V) 
Fig, 12 Quiescent Current-Input Voltage 
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• PACKAGE INFORMATION 
* SOT-89 Mini-Power-Mold - Plastic Package 

o >< 
+1 ~ 
"' "' N 

UNIT: mm 

RX5RA Appli. Manual 

e Pin Configuration 

eMark 

1: GND 
2: Yin 
3: Vout 

CDCZ) : Code Number 
@@ : Lot Number 

Fig_ 18 SOT-89 

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

[~J 
[~J 

[~J 

"I I' 4.2MAX 'I 

UNIT: mm 

S.2MAX 

[~J 
[~ 

~J 

'I 

Fig. 19 TO-92 

e Pin Configuratiort 
Fig. 20 TO-92 

eMark 

1: GND 
2: Yin 
3: Vout 

~®®CV® : Type Number 
®@@@ Lot Number 
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• TAPING SPECIFICATION 

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

• Tape Dimension and Direction 

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

o 0 o 0 

4.0±O.1 

'" '--_________ -' '---+-:-:----;-_---1'0 

'" ~ o 
o 
+1 
t2 

"' 

N 

o 
+1 
~ 

=ii;::=J;~8~. O;±~O .~l ;;~=n= ~:;;I ~ 
C:::;;::ll,bi :=:~:;:;::I) ==nll,bl=== == :::;!i=il);== I,bU =::::!JI) I\!::::I ==-1) -, -5[ 

Tl Type T2 Type 

Fig. 21 

• Reel Dimension 

1000 pieces can be contained in one reel. 

Fig. 22 
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* TO-92 Plastic Package 

• Tape Dimension and Direction 

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

.7±0.2 

~~o±"' 
UNIT: mm 

RF Type RR Type 

Fig. 23 

• Reel Dimension 

2000 pieces can be contained in one reel. 

I 
-j 1""-<,630 

T'L TI 
I. 

I 
J ~ 

<,6360 UNIT: mm 

Fig. 24 
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• STANDARD CIRCUIT 

VIN o--__ ~ 1-6-+---0 VOUT 

Cl C2 

GND~----------~C---------~GND 

• INCREASED VOLTAGE CIRCUIT 

Yin 
VIN()....-.-H \...:o~-_--()VOUT 

C2 Rl 

RX5RA Appli. Manual 

RX5RA series can regulate voltage without capacitor 

Cl and C2. When the input wire is long, use capaci­

tor Cl. Capacitor C2 makes the transient of output 

load variation smailer. 

Keep the wiring as short as possible when putting 

capacitor Cl and C2 of 0.1 j.lF to 2.0 j.lF between 

regulator terminals and GNO terminal. 

The following equation explains the output voltage. 

VOUT = Vreg.(l + R2/Rl) + Iss. R2 

I Iss The RX5RA series use low supply current, so R 1 and 

R2 can be set high (several hundred k ohms) and 

R2 

• DUAL VOLTAGE CIRCUIT 

VIN n-"""::0::..1 

D 

C2 R 

GND()....~--~---~-~~ 

VOUTl 
5V 

VOUT2 
3V 

GND 

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 

As the figure shows, two RX5RA devices can be 

made into a dual power circuit. 

The figure shows examples with output of 3V and 

5V. R is not needed when the minimum load current 

of IC2 is larger than Iss of IC1. Diode 0 protects 

ICl when VOU r2 larger than voun. 
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• CURRENT BOOST CIRCUIT 

Tr.l.,.... ______ --. 

!;-I5.-+-+--f"IVOUT 

C2 

GND~---~--~--~--f"IGND 

When an output voltage more above 60 mA is neces­

sary. construct a current boost circuit as shown in 

the figure. 

• CURRENT BOOST CIRCUIT with OVER-CURRENT PROTECTION 

R2 

lOUT 
--+ 

VIN ~-+.J\IoI\,-~---+_<>-I 

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 
Rl VOUT of current through R2 (It lOUT). When' it drops. 

C2 

GND~-------------L----~----~--~ 
GND 

• CONSTANT CURRENT POWER SUPPLY 

lOUT 

VINo-_~ 

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. 

lOUT = Vbe/R2 

As the figure shows. the construction can be used as 

constant current power supply. Output current. 

lOUT. can be found by the following equation. 

lOUT = Vreg/R + Iss 

Do not exceed the allowable current. 

Vreg: Fixed output voltage of RX5RA series 
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• SELECTION GUIDE 

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

The devices are defined by the following characters. 

No. 

a 

b 

c 

d 

RX5RAXXXX 
'-.--' 

t t t t 
abc d 

Meaning 

.... Type number 

Defines the packaging type 

E: TO-92 

H: Mini power mold (SOT-89) 

Defines output voltage (Vout) 

The range for Vout is 2.0V to 6.0V in units of O.IV, 

with an accuracy of ±2.S%. 

Defines the output current type 

A: Standard type 

Defines the packaging method for shipment 

A-Tl : Taping-Tl 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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• Type Number Example 

Type numbers 
output voltage (V out) 

Package 
Packing 

MIN.(V) TYP.(V) MAX. (V) 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:Electric 

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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VR 5RE Manual 

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 RXSRE 

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 RXSRE series are both available in two different types of 

package: mini-power-mold and TO-92. 

• FEATURES 

• Extremely low power consumption. . . . . . . . . . . .. TYP. 1.1p.A (RXSRE30X, Vin = S.OV) 

• Small input-output voltage difference. . . . . . . . . .. TYP. 0.5V lout = 60mA (RXSRESOX) 

• Large output current. . . . . . . . . . . . . . . . . . . . . . .. TYP. 120mA (RXSRE50X) 

• Low temperature coefficient for output voltage . .. TYP. ± 1 OOPPMt C 

• Wide operating voltage range. . . . . . . . . . . . . . . . .. MAX. 10.0V 

• Stable input rate .... : . . . . . . . . . . . . . . . . . . . . .. TYP. 0.1 %/V 

• Accurate output voltage. . . . . . . . . . . . . . . . . . . .. ±2.S% 

• Variety of output voltage levels. . . . . . . . . . . . . . .. 0.1V step (Note) 

• Compact package .......................... TO-92, mini power mold 

(Note: RX5RE30X and RXSRE50X are standard. Custom type is also available.) 

• APPLICATIONS 

• Constant-voltage power supply for battery-powered devices 

• Constant-voltage power supply for camera, communication, and video equipment 

• Stable standard voltage supply 

• BLOCK DIAGRAM • PIN CONFIGURATION 

TO-92 

~ ~ RL 1 2 3 
1 2 3 

~ 
1 GND 

eeD 2 Vin 
3 Voul 
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• ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATINGS UNITS 

Input V oitage Yin +12 V 

Output· Current lout 150 rnA 

Output Voltage Vout Vin+0.3--0.3 V 

Power Dissipation Pd 300 mW 

Operating Temperature Range Topr -30-+80 ·c 
Storage Temperature Range Tstg -40-+125 

Soldering Temperature Tsolder 260'C 10Sec 

• RX5RE50X (Vout = 5.0V) 

or: 
PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNIT 

Output Voltage Vout lout -lOrnA 4.875 5.000 5.125 V 
Output Current lout Yin - 7.0V 80 120 rnA 
Load Regulation AVout Yin = 7.0V, ImA;;; lout;;; 80mA 40 80 mV 
Input-Output Vdif lout = 60mA 0.5 0.7 V Voltage Difference 
Consumption Current Iss Vin= 7.0V 1.3 3.9 p.A 

line Regulation 
·AVout lout = lOrnA 

0.1 %/V AVinVout I Vout i + 1.0V~ I Yin I ~ 10V 
Input Voltage Yin 10 V 
limit Current I1im 240 rnA 
Temperature AVout lout -lOrnA 

±IOO 
PPM 

Coefficient ATopr _30°C ~ Topr ~ 80°C OC 

• RX5RE30X (Vout = 3.0V) 
To r: 25 

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNIT 
Output Voltage Vout lout - lOrnA 2.925 3.000 3.075 V 
Output Current lout Yin = 5.0V 50 80 rnA 
Load Regulation AVout Yin = 5.0V, ImA ~ lout ~ 60mA 40 80 mV 
Input-Output 

Vdif Iout=40mA 0.5 0.7 V 
Voltage Difference 
Consumption Current Iss Yin =5.0V 1.1 3.3 /lA 

line Regulation 
AVout lout = lOrnA 

0.1 %/V 
AVin·Vout I Vout i + 1.0V~ I Yin I ~ IOV 

Input Voltage Yin 10 V 
limit Current I1im 240 rnA 
Temperature AVout lout = lOrnA 

±IOO 
PPM 

Coefficient ATopr _30°C ~ Topr~ 80°C VC 
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• DESCRIPTION OF OPERATION 

Yin 0-_o__-----...... .,. ""'---;0---0 Vout 

Rl 

R2 

GND~~---------~~ 

Fig.3 Block Diagram 

• MEASUREMENT CIRCUIT 

Vih Vout ~ RX5RE 
Series 

VIN VOUT 

Ci _"- Co 
GND ::~ JpF -r- IpF 

- '-

Fig. 4 Measurement Circuit 

Vin Vout 

VR 5RE Manual 

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 

voltage, compensates it to the opposite direction, and 

adjusts the Regulator to nominal output voltage. 

~ 
Yin RXSRE 1--0 Series VOUT VIN 

Ci GND IpF::~ 

- '-

Fig. 5 Quiescent Current Measurement Circuit 

RXSRE 
Serles 1-0--_-- VOUT 

GND 

Co 
O.lpF 

Fig. 6 Input Transition Relponce 
Measurement Circuit 

Ro 
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• TYPICAL CHARACTERISTICS (Example of RH5RE50X) 

5. 1 V 70V IN- • 

...:: r-- r--'-0 -... - 'Z1'=-30'C I-t-- r-... 5. 

F' r--.... " 1\ 
9 

'\ \25'C \ 
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Output Current lOUT (rnA) 
Fig.7 Output Voltage VS. Output Current(1) 
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Fig.9 Output Voltage VS. Input Voltage 

T 2S'C a-

lOUT = IrnA 

I rnA 

10 
Input Voltage V I' (V) 

Fig.11 Output Voltage VS. Input Voltage 
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• PACKAGE INFORMATION 

* SOT-B9 Mini-Power-Mold . Plastic Package 

1 6 +0.15 
. -0.2 

\ 

4.5±0.1 

... 
<:> 

0 
+1 
'" '" 

zOO 

3 20 
8' 

~ 

i 
'" '" .... 

w 
O 4+0.03 

. -0,02 

UNIT:mlJ\ 

- Pin ConfigUration 

-Mark 

1 :GND 
2: Yin 
3: Vout 

CD® : Code Number 
@@ : Lot Number 

Fig. 18 SOT-89 

* TO-92 Plastic Package * TO-92 Plastic Package for Taping Method 
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- Pin ConfigtU'ation 

-Mark 
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2: Yin 
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• TAPING SPECIFICATION 
* SOT-89 Mini-Power-Mold . Plastic Package 

• Tape Dimension and Direction 

2 Kinds of Taping Method (n. T2) are available. 

o 0 0 0 

4.0±O.1 

~------------------~~---+--~----~--~~ 

N 

o 
+1 
!::l 

C=n=:::::l;;;;~8~. O~±~O .~l ;;;;;;;~=;:;= o~ I :;;; c:;:r===;;=:::;:;===;;r==- +I-=> +1 
Ill!::: =::!JJJ u::11 =::!JIJU l!::: =::::!IJJ \!:::II =::::::::!I~J __ ,....:....::.~L-r 

Tl Type T2 Type 

Fig. ~1 

• Reel Dimension 

1000 pieces can be contained in one reel. 

Fig. 22 
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VR 5RE Manual 

* TO-92 Plastic Package 

• Tape Dimension and Direction 

2 Kinds of Taping Method (RF, RR) are available_ 

.7±0.2 

~~"W 
UNIT: mm 

RF Type RR Type 

Fig. 23 

• Reel Dimension 

2000 pieces can be contained in Qne reel. 

-j r-<p 3O 

J'L TI I 

I. 
~ 

J 91360 UNIT: mm 

Fig. 24 
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• STANDARD CIRCUIT 

VIN 0--_-0-04 1-<>...---0 VOUT 

Cl C2 

GND~----~~----~DGND 

• INCREASED VOLTAGE CIRCUIT 

Yin 
VI N 0-........ <>--4 

IIss 

I-<>....,..-"""f--O VOUT 

R2 

• DUAL VOLTAGE CIRCUIT 

VINo-........ o-I 

C2 

GND~~--~---+-~~ 

VR SRE Manual 

RX5RE series can regulate voltage without capacitor 

Cl and C2. When the input wire is long, use capaci­

tor Cl. Capacitor C2 makes the transient of output 

load variation smaller. 

Keep the wiring as short as possible when putting 

capacitor Cl and C2 of 0.1 /.IF to 2.0 /.IF between 

regulator terminals and GND terminal. 

The following equation explains the output voltage. 

VOUT = Vreg* (1 + R2/R 1) + Iss. R2 

The RX5RE series use low supply current, so Rl and 

R2 can be set high (several hundred k ohms) and 

supply current of the whole circuit itself can be kept 

low. 

RX5RE works with constant current, so the input 

voltage scarcely affects supply current of the circuit. 

* Vreg: Fixed output voltage of RX5RE series 

As the figure snows, two RX5RE devices can be 

made into a dual power circuit. 

The figure shows examples with output of 8V and 

5V. R is not needed when the minimum load current 

of IC2 is larger than Iss of IC1. Diode 0 protects 

ICl when VOUT2 larger than VOUT1. 

8-197 

I 



VR SRE Manual 

• CURRENT BOOST CIRCUIT 

Tr.lj-______ ---, 

VIN o-~I\N\,-4_-o-I I-o-.--+--{)VOUT 

C2 

GND~---~--~--~--~GND 

When an output voltage more above 120 mA is neces­

sary, construct a current boost circuit as shown in 

the figure. 

• CURRENT BOOST CIRCUIT with OVER-CURRENT PROTECTION 

R2 

VIN 0--4--'1/1/\,-_-_-4-_._0--1 

lOUT 
--+ 

The figure on the left explains the circuit construc­

tion to protect Tr.1 from short output circuit or 

over cu rrent. 

By adding Tr.2 and R2 to current boost circuit 
Rl VOUT 

(above figure), voltage drops to Vbe2 of Tr.2 because 
C2 

GND~-----------~------t_---~--O 

GND 

• CONSTANT CURRENT POWER SUPPLY 

lOUT 

VINo-..... o-I 

of current through R2 ('> lOUT). 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. 

lOUT = Vbe/R2 

As the figure shows, the construction can be used as 

constant current power supply. Output current, 

lOUT, can be found by the following equation. 

lOUT = Vreg/R + Iss 

Do not exceed the allowable current. 

Vreg: Fixed output voltage of RX5RE series 
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• SELECTION GUIDE 

You can define the output voltage and package of the RX5RE series. 

The devices are defined by the following characters. 

No. 

a 

b 

c 

RX5REXXX 
'--.-' 

t t t 

abc 

Meaning 

+- Type number 

Defines the packaging type 

E: TO-92 

H: Mini power mold (SOT-89) 

Defines output voltage (Vout) 

The range for Vout is 2.0V to 6.0V in units of O.IV, 

with an accuracy of ±2.S%. 

Defines the packaging method for shipment 

A: Taping 

(Taping Method, Tl/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 . 

• Features 

• RH5RC301 ............................... 3V output, normal type 

RH5RC302 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3V output, low input voltage type 

RH5RC501 ............................... 5V output, normal type 

RH5RC502 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5V output, low input voltage type 

• Small invalid current. . . . . . . . . . . . . . . . . . . . . . .. 2.5J.1A (Typ., no step-up, RH5RC301/302) 

• Low voltage operation. . . . . . . . . . . . . . . . . . . . . .. Input voltage Vin ~ 0.9V (RH5RC302/502) 

• High efficiency ............................ 80% (Typ.) 

• High output voltage accuracy ................. ±5% 

• Small temperature drift of output voltage. . . . . . .. ±50ppm (Typ.) 

• Compact package .......................... Mini pQwer mold (SOT-89) 

• Application 

Constant voltage source for battery-operated devices. 

Constant voltage source for cameras, communications equipment, and videos. 

Local regu lator for different operating voltages. 
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• Block Diagram 

Yin 

Oscillator 

• Pin Configuration • Pin Description 

Pin No. Name Function 

~ 
2 3 

1 Vss Ground 

2 Out Voltage Output 

3 Lx Switching pin 

• Absolute Maximum Ratings (Vss=OV) 

Parameter Symbol Limit Unit 

I nput Voltage Yin 7 V 

Output Voltage Vout 7 V 

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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• Electrical Characteristics 

1. RH5RC301 

Parameter 

Input Voltage 

Starting Voltage 

Holding Voltage 

Current Consumption 

Output Voltage 

Output Current of Lx pin 

Leakage Current of Lx pin 

Oscillating Frequency 

Duty Ratio of Oscillation 

2. RH5RC302 

Parameter 

Input Voltage 

Starti ng Voltage 

Holding Voltage 

Current Consumption 

Output Voltage 

Output Current of Lx pin 

Leakage Current of Lx pin 

Oscillating Frequency 

Duty Ratio of Oscillation 

Symbol Condition Min. 

Vin 

Vst No Load 

Vhld No Load 

Vin=5V 
lin 

Vin = 1.5V 

Vout 2.85 

ILx VOL =0.4V 40 

ILxL 

fose 60 

Of 

Symbol Condition Min. 

Vin 

Vst No Load 

Vhld No Load 

Vin =5V 
lin 

Vin = 1.5V 

Vout 2.85 

ILx VOL =0.4V 40 

ILxL 

fosc 60 

Of 
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(Ta=25°C, Vss=OV) 

Typ·. Max. Unit Note 

6 V 

1.0 V 1 

0.6 V 1 

2.5 6 p.A 

7.5 20 p.A 1 

3.15 V 1 

rnA 

2 p.A 

90 KHz 

50 % 

(Ta=25°C, Vss=OV) 

Typ. Max. Unit Note 

2 V 

0.9 V 1 

0.5 V 1 

2.5 6 p.A 

7.5 20 p.A 1 I 
3.15 V 1 

rnA 

2 jJA 

100 KHz 

25 % 2 
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3. RH5RC501 (Ta=25°C, Vss=OV) 

Parameter Symbol Condition Min. Typ. Max. Unit Note 

Input Voltage Yin 6 V 

Starting Voltage Vst No Load 1.0 V 1 

Holding Voltage Vhld No Load 0.6 V 1 

Yin =7V 3.5 9 IlA 
Current Consumption lin 

Yin =2.4V 12 32 IlA 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 IlA 

Oscillating Frequency fosc 100 140 KHz 

Outy Ratio of Oscillation Of 50 % 

4. RH5RC502 (Ta=25°C, Vss=OV) 

Parameter Symbol Condition Min. Typ. Max. Unit Note 

Input Voltage Yin 2 V 

Starting Voltage Vst No Load 0.9 V 1 

Holding Voltage Vhld No Load 0.5 V 1 

Yin =7V 3.5 9 IlA 
Current Consumption lin 

Yin =2.4V 12 32 /JA 1 

Output Voltage Vout 4.75 5.25 V 1 

Output Cu rrent of Lx pin ILx VOL =0.4V 60 mA 

Leakage Cu rrent of Lx pin ILxL 2 IlA 

Oscillating Frequency fosc 110 150 KHz 

Outy Ratio of Oscillation Of 25 % 2 

Note: 1. The above table assumes that L=270j.1H (Sumida Electric Company L TO. CM·5), 0=MA721 (Matsushita 
Electronics), and C=33p.F Tantaru Capacitor, or equivalent products are used for external parts. 

2. Outy Ratio of (lscillation Of is expressed as follows: . 

tH 
Of = 

tH + tL 
x 100(%) 
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• Measurement 

lout 

Lx Out 

Vss 

Circuit·1 

/ Lx Out 1-............ -......., 

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 freqency, apply power to RH5RC 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·Tl: Taping 

RH5RC301A·T2: Taping 

RH5RC301~ Conductive bag (for sample use only) 

definition of the packing method. 

2. Taping 

o 0 0 0 

L::JJ L:JJ 
T1 type 

L::JJ c::J),---"",--,­
T2 type 

• Package Dimension 

n 
{J] 

40.4+0.03 
. -0.05 
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• DC/DC Converter 

RH5RC 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 

RH5RC 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: 

-[
Un insulated 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, RH5RC 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 + VL, and it is stored in the output capacitor C via D. This 

generates the step-up output voltage Vout that is equal to or larger than Vin. 

D 
Vin Vout 

JU1..1 Tr.l c 

GXD 

Figure 1 
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• Operation 

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. 

Input voltage 

Power conversion circuit ,---------- -----------------, , , 
: Chopper Rectifying IL...<'---~~_ r Stabilized output 
: circuit I' 
~--- ----}---- - -- -- - -- ----- - ---; 

Pulse 
generator 

,------, 

~----iVoltage -
comparator ~---l 

Figure 2 

Reference 
voltage 
source 

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). R H5RC 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 

R H5RC does not have a VDD (+ 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. 
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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 I LX and ZB decrease the actual 

activation voltage of the I C. The I C is designed to prevent excessive I LX (soft start). but we recom­

mend you to use an input power supply with ZB equal to or smaller than 5n. 

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 

I LX flows from input power supply Vin through coil L. I LX increases proportionally to time, so it is 

expressed as follows: 

ILX 
Vin 
--. 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 I C so that I LX does not exceed 

the rated value (120 mA). Always check the I LX 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: 

f ton 
Pon = 0 

Vin2 

Lx 
tdt ...................................................... (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 . fosc .......................................................................... (3) 

At that time, the following relationship is established in R H5RC301 and 501: 

ton = toff = 2. fosc ..................................... , ....................... (4) 

And the following relationship is established in RH5RC302 and 502: 

3 
ton = 3 . toff = ---=--

4· fosc 
.......................................................... (5) 

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: 

PL 
lout = (Vout-Vin) ............................................................... (6) 

8·fosc· Lx ·(Vout-Vin) 
............................................... (7) 

For RH5RC302 and 502: 

9· Vin2 

lout = (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 I LX value will exceed the ratings as described in the previous section, 

Operation description-3) Rated operation. In general, the appropriate inductance is: 

Lx = 82 - 270SLH ..................................................................... (9) 
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2) Ripple characteristics 

Ripples that appear in the output of a DC/DC converter using R H5RC 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: 

Vp= J+ iDdt ..............................................................•... (,.0) 

(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: 

1 
Zc = R + w L + -- .............................................................. (11) 

wC 

Zc causes ripples in combination with the charged current. Against this type of ripple, insert a 

capacitor of about O.lpF 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 Rand 

L elements) (see Figure 3). 
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Vin __ --J 

Reduce floating capacity. 
r--­
r 

GND 

.1.. 
I 

I 
I 

Vout 

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 = Vf· lout ........................................................................... (12) 

To improve the efficiency, use a diode with a small Vf value. 

Loss of (2) PT is expressed as follows from equation (1): 

Pt= ILx • RT ............................................................................ (13) 

Vin 

Lx 
. ton· RT ............................................................. (14) 

(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: 

• CMD-6L (Sumida Electric Company Ltd., Model 6303-014, 015, 016,017) 

• CM-5 (Sumida Electric Company Ltd., Model 6301-064, 065, 066) 

• CP-4LBM (Sumida Electric Company Ltd., Model 5201-053,055,066) 

2) Diode 

To select diodes, consider the following points: 

• 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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• Characteristics 

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

III RH5RC301 
L=82tLH(CM-5), D=MA721 

€ 3. 0 f-------b---II,.j.,I{--~+_-+---1 
H II 
~ /"--1'---.... 

I /'"-Jf..- -......lout=lmA_~ __ --i 
; 2.0 I II -... 
~ !--...... : ~:~ --+--i 

II 

1,1, 
'" 
~ 
; 2.0 
0.. 
; 
o 

1.0 2.0 

Input Voltage (V) 

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

~-......I I 
/ /~ ~lout=lmA , , , -.......: =3mA 

=5mA 

1.0 2.0 

Input Voltage (V) 

L=270tLH(CM-5), D=MA721 

r I 
I I~ -...... lout= 1 mA 

'-
I I I '--... 

=3mA 

=5mA 

1.0 2 . .0 
Input Voltage (V) 

3.0 

3.0 

-

3.0 
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L=82tLH(CM-5), D=MA721 

€ 3. 0 f--~'--r'+--+-~ 

1,1, 

'" 
~ 
; 2.0 I--t--++cl 

~ 

1.0 2.0 

Input Voltage (V) 

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

€ 3.0 f--~+-r"J+--+-~ 

~ 
-><;; 

lout= lmA 
"[ 2.0 1---+--++-+-",,+ = 3mA 

8 =5mA 

1.0 

Input Voltage (V) 

2.0 

L= 270tLH (CM-5), D=MA721 

€ 3.0 f--t...-,p.,.--I--""'1 

~ 
~ 
; 2.0 1--_+----,I-'II-...,,-lout=lmA 
0.. =3mA 
0; =5mA 

1.0 

Input Voltage (V) 

2.0 



(3) RH5RC501 

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

L f 
I N t'----�out= 1 rnA 

1 I r t'---- =3mA 

=5mA 

1.0 2.0 3.0 

Input Voltage (V) 

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

€ 5.0 

J I I 
I ~ ~lout=lmA 

1 1 '" =3mA 
I'-... =SmA 

1.0" 2.0 3.0 

Input Voltage (V) 

L= 270tlH (CM-5), D=MA721 

r--~ I 7 
~ ~lout=lmA 
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(4) RH5RC502 

L=82tlH(CM-5J. D= MA72! 

€ 5.01---+ __ -i-....... +-.......j 
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2") Output Voltage VS. Output Current (Ta = 25°C) 
(1) RH5RC301, 302 

L=120t'H(CM-5). D=MA721 

"'~ 
-\ \ , 

\ 1\ Vin=O.9V \ 

-301 --- 302 

" 
'1\ \ 

\ 

\ \ 
\ 

ViT1.y Vir-lf Yin (ZV 

5.0 

(2) RH5RC501, 502 

L=82t'H(CM-5), D=MA721 

\ \ 
\ 

\ r\ 

\ \ 
\ 

Vin,1. 51 
10.0 

10.0 

Output Current (rnA) 

-501 

\ '\ 
\ 

\ , 
Vjn=2.4V 

20.0 
Output Current (rnA) 

'. 
\ 
\ 

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

(1) RH5RC301 (2) RH5RC302 

15.0 

--- 502 

Vin= l.BV 

30.0 

D=MA721. Iout=3rnA D=MA721, Iout=3rnA 

80 .. II 

:=Z70.uH0 
/ 

80 
L=Z70.uH ....... 

t--... I- =l20,uH 

,.". K. 
= lZO.uH / -, ........ ...-

1.0 2.0 1.0 
Input Voltage (V) Input Voltage (V) 
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(3) RH5RC501 (4) RH5RC502 

L= 120,..H (CM-5). D= MA721. Iout= 1rnA L= 120,..H(CM-5). D=MA721. Iout= I rnA 

80 

~ ~ i/ 
80 

1- 7 
~ I--" 1/ 

I--- L=120,uH V/ 
T 82,uH 1/ 

L= 120,uH f7 
~ = 82,uH 

1.0 2.0 3.0 1.0 
Input Voltage (V) Input Voltage (V) 

4) Operation Start Voltage VS. Output Current (resistance load) (Ta = 25°C) 

(1) RH5RC301. 302 

L= 120,..H (CM-5). D= MA721 
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£1 l.0 
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+:I 
f 
'" ""' 0 

0.8 
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~ ~ --~ 
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V ~ ~ l/ ~ 

V 
""., 

;7' 

1.0 2.0 
Output Current (rnA) 
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(2) RH5RC501. 502 
L= 120,uH(CM-5). D=MA721. Iout= ImA. C=33,uF. except spike 

9: 200 
~ s 
1 
~ 100 

-j 
502 - i--"'::: - 501 

1.0 2.0 3.0 
Input Voltage (V) 

5) Current Consumption VS. Input Voltage (Ta = 25°C) 

L=120,uH(CM-5). D=MA721. Noload 
40 
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<- 30 
,5 

t 
I 20 

Co) 

1\ /3p1. i02 , \ / /5'01. J02 

\ X / 
;:: 
" t:: 
= 10 Co) 

'V '" " ~ ""-r-.... 
r----

1.0 2.0 3 0 4.0 
Input Voltage (V) 

6) Operation Start Voltage VS. Temperature 

(1) RH5RC301. 302 

L=120,uH(CM-5). D=MA721. Iout=lmA 

......... --r-~ - r--r-r-- -r-
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Temperature ("C) 
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7) Maximum Oscillating Frequency VS. Temperature 
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8) Ripple Voltage VS. Input Voltage (Ta = 25°C) 

(1) RH5RC301, 302 
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............ r-.... 

r---
70 

L=120,l1H(CM-5), D=MA721, Iout=lmA. C=33,l1F. Except Spike 

/ 
302.L-V ./ 

./ -I"'" l----301 -
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• Application Circuit 

• Step·up DC/DC Converter 

Vss 

Out 1-----41__--. 

I 
• Power Switching Circuit 

I I Vss 

Outl-+---;~ 

• Step-down DC/DC Converter 

I 
L....---+-..J\Mr~Lx Outl--t---..-

• Power Saving Circuit 

I 
Out 

L-.4---PS 
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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 . 

• Features 

• RF5RD301 
RF5RD501 

• Low idle current .......................... . 

• Small idle current ......................... . 

• High efficiency ........................... . 

• High output voltage accuracy ................ . 

• Small temperature drift of output voltage ....... . 

• Small package ............................ . 

• Application 

• Constant voltage source for battery~perated devices. 

Output voltage 3V (Typ.) 
Output voltage 5V (Typ.) 

4.01lA (Typ., no step up, RF5RD301) 

Input voltage Yin ~ 1.2V (no load) 

70% (Typ., step up) 

±5% 

±100ppm (Typ.) 

a-pin SOP 

• Constant voltage source for cameras, communication equipment, and videos. 

• Local regulator for different operating voltages. 
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• Block Diagram 

Vsw 

Vout 

~----------------~5~--------------------..J V~ ______________________________ -J 

• Pin Configuration • Pin Description 

Pin No. Name Function 

1: Vout • 1 Vout Output Voltage 

2,3 NC No Connection 
2:NC 

4 Lx Switching pin 

5 Vss Ground 

6, 7 NC No Connection 

8 Vsw Step·up Output 

• Absolute Maximum Ratings (Vss=OV) 

Parameter Symbol Limit Unit 

I nput Voltage Yin 12 V 

Output Voltage Vout 12 V 

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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.Electrical Characteristics 

• RF5RD301 (3V Output) (Ta=25°C Vss=OV) 

Parameter Svmbol Condition Min. TVp. Max. Unit 

Input Voltage Vin 8 V 

Starting Voltage Vst No Load 1.2 V 

Holding Voltage Vhld No Load 0.8 V 

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

No Load, Vin = 2.4V 7 20 JJA 

Output Voltage Vout 2.85 3.15 V 

Vin =5V 40 mA 
Output Current lout 

Vin=2.4V 15 mA 

Output Current of Lx pin ILx Vol =0.4V 40 mA 

Leakage CUrrent of Lx pin ILXL 1 IJA 

Oscillating Frequencv fosc SO 90 KHz 

• RF5RD501 (5V Output) (Ta = 25°C Vss = OV) 

Parameter Svmbol Condition Min. TVp. Max. Unit 

Input Voltage Vin 8 V 

Starting Voltage Vst No Load 1.2 V 

Holding Voltage Vhld No Load 0.8 V 

No Load, Vin = 7V S 11 JJA 
Current Consumption lin 

No Load, Vin = 3.SV 15 40 IJA 

Output Voltage Vout 4.75 5.25 V 

Vin =7V 40 mA 
Output Current lout 

Vin =3.SV 20 mA 

Output Current of Lx pin ILx Vol =0.4V SO mA 

Leakage Current of Lx pin ILxl 1 IJA 

Oscillating Frequency fosc 100 140 KHz 

Note: The above table assumes that L = 120IJH (CMDSL), MA721 diode or equivalent, and C =22JJF are used for 
external parts. 
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• Measurement 

Vsw 22tLF 

Vout 

Vout 

Circuit-1 

f Lx v sw 1----4t-----, 

Observation with oscilloscope 

Vss 

Circuit-2 

1) Operation start voltage (circuit-1) 

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

2) Operation hold voltage (circuit-1) 

Keep the output to be the specified voltage (2.85V to 3.15V for 301). Lower the input vol tag" 
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. 

3)· Consumed current (circuit-1) 

For the RF5R 0301 and RF5R0501, the input current is the consumed current. Therefore, rush 
current intermittently flows when Yin is equal to or lower than Vout. So rectify the current by, for 
example, inserting a line filter of LIC configuration, and use the average current for the consumed 
current. 

4) Maximum oscillation frequency (circuit-2) 

To measure the maximum oscillation frequency, set the power supply for the RF5R0301 and 
RF5R0501 to within Vm and Vss. An oscillation waveform is output to the Lx terminal when the 
voltage Vm applied to the Vm terminal is lower than the specified voltage. The maximum 
oscillation frequency is the waveform ·output from the Lx terminal when Vm = specified voltage 
-50mV. 
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• Package -Dimension 

~ 

.; f, 

-$-
+1 
C; ~ 0. 
M <0 > ... 

~ O.lSTYP 
0 

0. 

~gs 

O.3TYP 

S.O±O.IS 

0.-
>r-- ~ "'0 ~ 0.0> 
>r-- u: .... 

0 (Unit: mm) 

I 
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• Operation 

1) 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/D that causes switching of the- step-up and step 'Clown operations is: 

Vinu/D ,,;; Vm + VF ................................ (1) 

(Vm is the specified step-up output voltage, VF is the forward voltage of the diode.) 

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

Vm "'" Vout + O.5(V) ............................... (2) 

(Vout is the specified output voltage.) 

From (1) and (21. Vinu/D is expressed as follows: 

Vinu/D "'" Vout + VF + O.5(V) ....................... (3) 

2) 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 'Clown operations 
above. 

Input voltage 

Power converter circuit 
r -- -- -- --- --- ----- -- - --- - - --, 

generator 

Switching regulator 

I 
I , , 

Reference 
voltage 
source 

Figure 2 
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When Vin is higher than Vinu/D, the RF5RD301 and RF5RD501 perform step-down operation 

and the pulse generator does not work. 50 the input voltage goes through the power 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 Vinu/D, the RF5RD301 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 instep-down operation. 

3) Operation start 

4) 

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 0, and the 

IC starts operation. 

When Vin is equal to or smaller than Vin U/D, 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 VF of 

diode 0 increases and causes lowering of the actual activation voltage of the IC. 50 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 ZB is used, the operation start 

voltage tends to be higher than usual. This is because the voltage is lowered by the switch current 

I Lx and ZB 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 ILx does not become excessive at power on 

(soft start), but it is recommended to use an input power supply with ZB lower than 5 n. 

5teady-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 Land 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. 

I 



DC/DC C. 5RD MANUAL 

• 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 = loutR = Kp· (Input/Output Voltage Difference) •••.. (4) 

(KP is the conduction coefficient of the output transistor.) 

In the RF5RD301 and RF5RD501, the input voltage ofthe series regulator is supplied via diode 

D, so lout is expressed as: 

lout = KP,(Vin-VF-Vout) ......................... (5) 

(Step-up> 

In step-up operation, the difference in the I/O voltages of the series regulator is fixed to about 

0.5V. Therefore,lautR is expressed as: 

lautR = 0.5 'KP ............................•..... , (6) 

The output current lau1S of the step-up switching regulator is expressed as: 

Vin 2 

lau1S = K . . . . . . . . . . . . .. (7) 
8 'fosc 'Lx • (Vout +0.5-Vin) 

(Lx is the inductance of the coil used, K=0.5 to 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 (Vaut - Vin) is small, lautR &; lou1S. In other cases, lautR ~ 

lau1S. 

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

The step-up switching regulator incorporated in the RF5RD301 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: 

rtorVin 
PON =)0 Lx tdt ................................ (8) 

(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 ...••.......•....•...•....•.....•.. (9) 

At that time, the following relationship is established: 

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

2 'fosc 

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

Vin 2 

louts = 8 (V 05 V.) ................ (11) 
• fosc • Lx • out + . - In 

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, I Lx may exceed the rated value 

(120mA) since the I Lx is expressed as follows: 

Vin 
ILx =-- ·ton .................................. (12) 

Lx 

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

Be carefu I of the I Lx value. 

Generally, the appropriate value is: 

Lx = 82 -4701lH ................................. (13) 
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2) Efficiency characteristics 

There are three factors that worsen the efficiency characteristics of the DC/DC converter using 

the RFSRD301 or RFSRDS01: 

(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 RFSRD301 and RFSRDS01, the power consumption of the IC itself is very small. If it 

is ignored, the efficiency 7/D in step-down operation is: 

Vout 
7/0 = .................................. (14) 

Vin + VF 

In step-up operation, the step-up switching regulator is operating. So all of (1), (2), and (3) 

are worsening factors. Efficiency 7/R due to loss (1) is: 

Vout 
7/R = Vout + O.S ................................ (1S) 

Loss of (2) PO is: 

PO = VF • lout ................................... (16) 

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

Vin 
PT = --. ton' RT .............................. (17) 

Lx 

Therefore, the efficiency 7/U of the DC/DC converter in step-up operation is: 

1-(PD+PT) 
7/U = 

Vin • lout 

Vout 

Vout + O.S 
.................. (18) 
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• Selecting external parts 

1) Coil 

In selecting the choke coil, the following should be satisfied: 

• The core does not suffer magnetic saturation. 

• There is a sufficient margin in the rated current. 

• DC resistance is sufficiently low. 

• Allowable loss is sufficiently large. 

The following coils are recommended: 

• CMD-6L (Sumida Electric Company Ltd., Model 6303-014,015,016 and 017) 

• CM-5 (Sumida Electric Company Ltd., Model 6301-064,065 and 066) 

• CP-4LBM (Sumida Electric Company Ltd., Model 5201-053,055,066) 

2) Diode 

In selecting the diode, the following should be satisfied: 

• The forward voltage is low. 

• The turn-on time is short. 

• 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: 

• The capacity "is relatively large. 

• The equivalent resistance is small. 

Generally, tantalum (aluminum) electrolytic capacitors and laminated ceramic capacitors are 

appropriate. 
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• Characteristics 

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

(1)RF5RD301 
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L=82.aH(CM-S) D=MA721 
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2) Output Voltage VS. Output Current (Ta=25°C) 

(1) RF5RD301 

Lx=120pH(CM-5) D=MA721 
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. \ 
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(1) RF5RD501 
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3) Efficiency VS. Input Voltage (Ta=25°C) 
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(2) RF5RD501 

Iout=5mA Lx=120tlH D=MA721 

80 -

o 1.0 2.0 3.0 4.0 5.0 
Input Voltage (V) 

4) Start Voltage VS. Output Current (with Load) (Ta=25°C) 
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5) Start Voltage VS. Temperature 
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6) Consumed Current VS. Input Voltage (Ta=25°C) 

Lx= 120.uH D= MA721 (without Load) 
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7) Maximum Oscillation Frequency VS. Temperature 
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