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BATTERY BACKUP IC FOR 1-CHIP CPU

Bl Features

Low power consumption
Normal operation: 32 A max. (ViN=6 V)

Backup: 3.6 zA max.

Low input/output voltage differences

S-8420 Series

The 5-8420 Series is a CMOS IC designed for use in the switching
circuits of main and backup power supplies. It consists of a voltage

regulator, three voltage detectors, a power alteration switch, and a
control circuit.

In addition to being able to switch from main to backup power
supplies, the S-8420 Series has three types of voltage detection
output signal corresponding to the power supply voltage. The
special sequence for switch control prevents unnecessary

exhaustion of the backup power supply; this feature is suitable for
structuring backup systems.

B Applications
- Video camera recorder

- Still video camera

Memory card

Voltage reguiator: 0.35 V max. (Irg =50 mA) - SRAM Backup equipment
Switch: 0.3 V max. {loyt =50 mA)

- Output voltage accuracy: +3%

- Three built-in voltage detectors (CS, PREEND, RESET)
Detection voltage accuracy: +3%

- Special sequence

Backup voltage is not output, if the main power supply voltage
does not reach the initial threshold voltage that activates the

switch.

Bl Selection Guide

* S-8420AF/BF/DF : Regulated at the Vgg pin (output pin of the voltage regulator)

Table 1

Ta=25°C

Item | Outputvoltage* |CSdetection voltage | CSrelease voltage |RESET detection voltage
Produ Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. | Min. Typ. | Max.
S-8420AF | 486 | 50 | 514|436 | 4.49 | 462 |4.44 (459|474 | 242 25 2.58
S-8420BF 1 485 | 5.0 [ 5.15}14.07 | 42 | 433 | — — | 4.67 | 2.42 25 2.58
S-8420CF | 5.06 | 5.25 | 5.44 | 407 | 4.2 | 433 | — — | 467 | 2.23 2.3 2.37
S-8420DF | 485 | 5.0 | 515 4.07 | 42 | 433 | — — | 467 | 2.23 2.3 2.37

[Unit: V]

S-8420CF: Regulated at the Voyr pin (output pin of the switch)
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B Block Diagram

Vin Vro Vour VBar
A o

5V voltage
-
regulator

7

©

| !

Switch Vsw cs »! RESET L>| PREEND
control detection voltage voltage voltage
circuit circuit detector H detector H detector -

o Vss cs RESET PREEND
*Parasitic diode
Figure 1
Bl Pin Assignment
Pin name Description
8-pin SOP cs Output p!n of CS voltage detector
Top view RESET Output pin of RESET voltage detector
U PREEND | Output pin of PREEND voltage detector
Vour M1 8 Vi Vin* Main power supply input pin
PREEND 2 7D Vgo Vgat* Backup power supply input pin
CS 3 6D Vg Vout* Output pin of switch
Vear 4 5 bn RESET Vro* Output pin of voltage regulator
Vss Ground

*

Mount capacitors between Vs (GND) and the Viy, Vgat, Vourt, and Vg pins. In
particular, mount a capacitor to the Vpp pin even when it is not used. (See
" Standard Circuit”)

Figure 2
B Absolute Maximum Ratings
Table 2
(Unless otherwise specified : Ta = 25°C)
Parameter Symbol Ratings Unit
Main power supply input voltage Vin 18 \Y
Backup power supply input voltage Vear 18 \
Output voltage of voltage regulator VR®o Vgs-0.3toViy+0.3 \Y
1 Output voltage of switch Vour Vgs-0.2t0 18 v
CS Ves
Output voltage of RESET VRESET Vs5-0.310 18 \Y
PREEND VpRE
Power dissipation Po 300 mwW
Operating temperature Topr -30to +80 °C
Storage temperature Tstg -40to + 125 °C
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M Electrical Characteristics
1. S-8420AF / BF / DF

Table 3
{Unless otherwise specified : Ta = 25°C)
. . . T
Parameter Symbol Conditions Min. | Typ. | Max. | Unit é“
Cir.
- Vv 6V S-8420AF 4.86 5.00 5.14 \
o IN=
. | Output voltage Vro Iro = 50 MA S-8420BF 4.85 5.00 5.15 "
© ’ S-8420DF 4.85 5.00 5.15 \
~ | /O voltage ) _ _
; difference Vgif1 lRo =50 mA 0.2 0.35 Y
o . Vin=6V .
. | Load regulation AVgo I = 100 4A to 60 mA 50 110 mV 1
. . AVro ViN=6to 15V
[+ )] —_— B — 0,
o Line regulation AVinVes | Iro = 50 mA 0.1 03 %N
® | Input voltage of
* [ main power supply Vin — - 15 v
o | Temperature AVro |VIN=6V,Igo =50 mA _ +
> | coefficient of Vo ATa Ta=-30°Cto 80°C 071 — fmvrc
Switch voltage -Vsw Vpar=3V 3.20 3.30 3.40 \Y% 3
= Hysteresis width 1 Vhyssw | VeaT=3V 0.12 0.16 0.20 \%
v _ Vin=6V, loyr=50 mA _
- Iéefvoltage Vait2 Vegar=3V - 0.3 v
-— | difference Vin = open,
v;s Vaita lour =200 £A, Vgar=3V — — 0.1 v 2
ViN=6V, loyr=50mA —
Leakage current ILek Vear=0V —_ 100 nA
S-8420AF 4.36 4.49 4.62 \Y)
CS detection voltage Vpet1 | VeaT=o0pen S-84208BF 407 | 420 | 4.33 v
S-8420DF 4.07 4.20 4.33 \ 4
S-8420AF 4.44 4.59 4.74 \%
CS release voltage +VpeT1 | VeaT=o0pen S-8420BF - — 4.67 \Y
$-8420DF — —_— 4.67 \
S-8420AF 2.42 2.50 2.58 \Y)
RE!SET detection -Vper2 | Vin=open S-8420BF 242 | 250 | 2.58 vV 8
voltage S8420DF | 2.23 | 2.30 | 237 | V
S-8420AF 0.09 0.12 0.16 \
o |Hysteresiswidth 2 Viys2 | Vin=open 5-8420BF 009 | 012 [ 016 | V |4
- S-8420DF 0.08 0.11 0.15 \
v
PREEND detection -VoeT2 { -VpET2 | “VDET2
Q - -
« |voltage Voers | Vin=open +0.15| +020| +025{ VY | 8
_‘;’ S-8420AF 0.10 0.14 0.18 \%
Hysteresis width 3 Viyyss | Vin=open S-8420BF 0.10 0.14 | 0.18 \ 4
v S-8420DF 0.09 0.13 0.17 \Y
= [ Operating voltage Voor | VIN 1.5 — 15 vV |4, 8
b AVoET | 752 -30°C to 80°C — | 205 | — |mvrc| 4
o | Temperature ATa
. . RY]
> | coefficient of ATVDET2.3 | 15 - 30°C 10 80°C — | 2034 — |mvrc| 8
detection voltage ATa
. -V
AVSW |1, 2 .30°C to 80°C — | 2039 — |mvrcy 3
ATa
TEcer | VinorVgar
RESET =20V 2.50 4.00 _— mA
Serrnr | Vinor Vear
= | PREEND 2.00 2. — A
Output current lsng | VoS = =2.0V 80 m 5
05V Viyor Vgar
=20V 2.00 2.80 — mA
cs
Vin or Vgat _
=36V 4.10 6.50 mA
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- . | Test
Parameter Symbol Conditions Min. | Typ. | Max. | Unit ::
Iss1 Vin =6V, Unloaded — 12 32 LA
IBAT1‘ Vgar=3V —_— 0.27 0.52 ;1A
Iss2 Vin =15V, Unloaded _ 14 35 LA
Current consumption Igat2” | VBaT=3V —_ 0.27 | 0.52 pA 6
ViN = open Ta=25°C — 1.6 3.6 LA
lgars” Vgar=3V, — one
Unloaded Ta=80"C — | — ] 30| A
Initial threshold Vi
voltage to start switch Vini Vgar=3V 4.45 4.70 4.95 \
operation 7
Temperature coefficient AVinI Ta=-30°C to 80°C _ 24 — |mvre
of Vini ATa
Input voltage of backup _
power supply** VgaT 1.5 4.0 \ 8

*

IsaT1, IBAT2, @nd IgaT3 show the currents consumed by the backup power supply.

** Applying over 4.0 V to the Vpat pin does not destroy the IC. However, to ensure normal
operation, keep the Vgat voltage below 4.0 V.

2. S-8420CF
Table 4
(Unless otherwise specified : Ta = 25°C)
. . T
Parameter Symbol Conditions Min. | Typ. | Max. | Unit ::t
Output voltage* Vour 1\23:—8'2%\; R 506 | 525 | 5.44
« | /O voltage difference Vdif1 lro =50 mA —_ 0.2 0.35
o . VinN=8.5V
: Load regulation AVgo Ino = 100 A to 60 mA —_— 50 110 mv
— |, . AVeo 1Vin=61015V . 1
_ | Line regulation AVinVro | Ino = 20 mA — 0.1 0.3 %IV
o .
o | Inputvoltage of main Vin _ _ 15 Vv
. | power supply
. | Temperature AVro Vin=8.5V,lgg=20mA __ + _
> | coefficient of Vour ATa |Ta=-30°Cto80°C 1071 mvre
Switch voltage “Vew Vgat=3V 3.20 3.30 3.40 \% 3
- Hysteresis width 1 VHyssw | VeaT=3V 0.12 0.16 0.20 \Y
Vin=8.5V,I =20mA
v Vdif2 V‘BNAT hetvied — lo012]015| v
; I/O voltage difference .Vd'f3 Vin=open, lour= 200 A, | — iy y ,
- ' Vpar=3V )
V|N=8.5 v, IOUT=20 mA _
Leakage current ILek Vear=0V —_ 100 nA
CS detection voltage Vpoet1 | Vpatr=open 4.07 | 4.20 4.33 \ 4
- | CS release voltage +Vper1 | VeaT=open —_ — 4.67 Vv
S RESET detection voltage -Vpoer2 | Vin=open 2.23 2.30 2.37 "
v | Hysteresis width 2 Viys2 VN =open 0.08 0.11 0.15 Vv
@
PREEND detection _ -Vper2 | -Voerz | Voer2 8
o |voltage "Voers | Vin=open +0.15| +0.20 | +0.25| VY
© | Hysteresis width 3 ViHyss3 VN = open 0.09 0.13 0.17 Vv
: o | Operating voltage Vopr Vin 1.5 —_ 15 \Y 4, 8
> L0 | Ta=-30°C 10 80°C — | 05| — |mvrc| 4
+~ | Temperature AV
— | coefficient of detection |=""BET2.3 1 14 _ 30°C t0 80°C — [*034| — [mvrc| 8
o [voltage ATa
> A-Vsw
——= | Ta=-30°Ct0 80°C — 039 — mv/rC] 3
ATa

* Output voltage is regulated at the Voyt pin.
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Parameter Symbol Conditions Min. | Typ. | Max. | Unit T::t
- REceT | VINOr Vpar
o RESET =20V 2.50 4.00 —_ mA
-
SREEND | ViN Of Vear ,
= | PREEND 2.0 2, —_
o | output current g | VYOS = =2.0V 0 80 mA 5
- 05V Vin Or Vpat
o =20V 2.00 | 2.80 — mA
° cs
: Vin or Vgar
> =36V 4.10 6.50 —_ mA
Issy Vin = 8.5V, Unloaded — 13 33 #A
IBAT‘I' Vgar=3V —_— 0.27 0.52 PA
Iss2 Vin= 15V, Unloaded —_ 14 35 LA
Current consumption lgat2” | VBAT=3V — | 027 ] 052 | A | 6
V|y = open Ta=25°C —_ 1.6 3.6 pA
lgat3” |VgaT=3V .
Unloaded | T2=80°C | — | — | 50 | 4A
Initial threshold V|y
voltage to start switch Vini Vgar=3V 4.45 4.70 495 \
operation 7
Temperature coefficient AVin Ta =-30°C to 80°C _ 24 — | mvrc
of Vi ATa
Input voltage of backup
power supply** Vear 1.5 — 4.0 v 8

* 1gaT1, IgaT2, @nd IgaTs show the currents consumed by the backup power supply.

** Applying over 4.0 V to the Vgar pin does not destroy the IC. However, to ensure normal
operation, keep the Vpat voltage below 4.0 V.
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B Test Circuit

1 2.
O
Vro O V, Vro
Vin RO OF Vour Vin R Vour
V1 + 3 +
~ zz
Vss . 10 4F 10 4F

w
&

%100 kQ
cs

Vin VRo  Vour Vin Vro
™
3 30V 3
Vss Vss

Measure the value after applying 6 V or
more to V.

(iss)

VIN
Jo—— [ BAT
RESET Q (Igar)
Vss PREEND Q Vss
To measure IgaTs, first apply 3V to Vgarand 6 V

or more to V|y. Then open these pins and
measure the current when Vgaris3 V.

zm Vour 100 k0 < 100 k0
N BAT 100 kQ Vour )
30V Vear
. Vss V) 3 RESET
Vss

PREEND

AAA

Condition:
After applying 4.44 V to V|y and then setting it to
0V, Voyt must be equal to or lowerthan 0.5 V.
After applying 4.96 V to V| and then setting it to
0V, Voyt must be equal to or higher than 2.5 V.,



BATTERY BACKUP IC FOR 1-CHIP CPU
S-8420 Series

B Operation Timing Chart

Vin

Vro

Vour

Vpat

cs*

PREEND*

RESET* 2.5V J\MM [ .

* CSis pulled up to Vgo, and PREEND and RESET are pulied up to Voyr.

Figure 3 In case of the S-8420BF

B Dimensions

5.2 (5.5 max.)
8 5 | 2
HHHH T 04
- 44 62103
O
d
HHH 2
1 4 < 0.15 * 33
[ \1
o A0 min.
1.27 0.4%0.1 Unit: mm
Figure 4

H Markings

1t0o7 : Product name

8 : Assembly code

: Year of assembly (last digit)

10 : Month of assembly; Jan.=1, Feb.=2, Mar.=3,
Apr.=4, May=5, June=6, July=7, Aug.=8,
Sept. =g, Oct.=X, Nov.=Y, Dec.=2Z

11 to 13: Lot No.

[ ]

]
[ el el |
el )=
s[_]-[]

-
-
—
N
—_
w

Figure 5
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B Taping
1. Tape specifications

T1 and T2 types are available depending upon the direction of ICs on the tape.

4.0%0.1(10 pitches: 40.0£0.2)

210201 z.ozo.os\v
0.3%0.05
> J¢1.ss:o.os 80201 2 1.75%0.1
0 / A AL A Al Al 4
IR S A A R
- 5.5%0.05
L ) A |4 A A~ N 120%0.2
\Soy 37 ~ ™
LL‘ \ $2.0+0.05
j- 5.55%0. \
3° max. > 5° .
o 6.70£0.1 wATY e
/ml ] N
T1 T2
O 0O 0O 0O 0O O O O

©O 0O 00 0 O 0 O

TF

TF

BE AE LE LE O

Feed direction
Figure 6

2. Reel specifcations

1 reel holds 2000 products.

Figure 7

—_—

Feed direction Unit: mm
— - $150%1 fH4——
2405
— |
Ly
140415
Unit: mm
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M Operation

An S-8420 Series IC chip consists of a voltage regulator, a switch, and three voltage detectors. The voltage
regulator rectifies input voltage V|y and outputs to Vgo. The switch alters the output to VouT to Vro or Vear.
This section describes the functions and operations of each part.

1. Voltage regulator

The built-in regulator has a very small i/O voltage difference (Vgir1 =0.2 V typ. at Igo =50 mA). When V| is
6 V and Igp is 50 mA, 5 V + 3% (in case of the S-8420BF and CF) is output to the Vip pin (output pin of the
voltage regulator). '

1/QO voltage difference Vqir1

Assume that the VRo voltage when Vi is 6 V and Igp is 50 mA is Vinitial. When the amount voltage of
I/0 voltage difference Vgj1 and Vinitial is applied to the V|y pin, 95% of the Vinitial voltage is output at the
VRo pin.

2. Switch
. . . - . Vour
The switch consists of the switch control circuit, Vgw detection i
circuit, and switch transistors M1 and M2. VRO >—14 MI__4 M2 VgaT
EY ES
2.1 Vgw detection circuit
The Vgw detection circuit monitors the Vro voltage {output of
the voltage regulator) and sends the results of detection to
the switch control circuit. The detection voltage (-Vsw) is ]
specified as 3.30+ 0.1 V and the release voltage (+Vgw) as Swi;(ch| " de&%on
3.46 V typ. Between -Vgw and +Vgw means hysteresis; cg?c{,?t circuilt
during hysteresis, the output is kept in the immediately - .

2.2

preceding status. Figure 8 Switch

Switch control circuit

The switch control circuit receives the signal from the Vgw detection circuit and controls M1 and M2.
The switch contro! circuit operates in two statuses: the special and normal sequences. In the special
sequence status, the circuit does not receive nor control according to the Vi (or VgaT) voltage
sequence. In the normal sequence status, the circuit receives and controls within the range of the
operating voltages. Initially, the circuit is kept in the special sequence status. When V|y exceeds V)
(initializing voltage: 4.7 £ 0.25 V) even once, the circuit enters the normal sequence status.

(1) Special sequence status

(2) Normal sequence status

When the VN (or VeaT) voltage rises from under 0.5 V, the switch control circuit is kept in the special
sequence status until Viy reaches Vin;.

At that time, the switch control circuit turns M1 on and turns M2 off regardiess of the status of the Vgw
detection circuit. Therefore, the voltage output at Vout is VRo minus voltage reduction due to M1.

When V|y voltage exceeds Vin; (VBaT is 4.0 V or less
and does not exceed V|ni), the switch control circuit
enters the normal sequence. The normal sequence is
valid while V|N or Vgat is at the minimum operating v ]
voltage (1.5 V) or higher. i St stk
Once the circuit enters the normal sequence, it turns Vear

M1 and M2 on and off according to the Vrp voltage as >
shown in Table 5. Veo } ..
To return the circuit to the special sequence status, +vsw"5‘! --------------------
lower the Vi or VgaT to below 0.5 V. AC I e U ! E
: >
: :
SV
vour 15, s
H !
- Figure 9
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Table 5
Vgo voltage M1 M2 Vour
Veo= + Vsw ON OFF - Vro-Vdif2
Vo= ~ Vsw OFF ON Vpat-Vdita

2.3 Switch transistors M1 and M2

M1 and M2 are turned on and off by the switch control circuit as described in Table 5.

The ON resistance of M1 is 6 Q or less and has Vro Vout
characteristics equivalent to a Shottky diode. Therefore, I ',vdifz ~ i rv"‘”\
if M1 is turned on to connect Vourt to VRo, the maximum . W . W
voltage drop Vgirz due to M1 is 6 XIgyt (output current). M1 M2
The minimum output at the Voyt pin is VRo -Vdirz (Mmax.). % ‘l>

Figure 10 Definitions of Vqj2 and Vqit3

The ON resistance of M2 is 500 Q or less. Therefore, when M2 is turned on to connect Voyt to VBaT,
the maximum voltage drop Vgitz due to M2 is 500 X lgyt (output current). The minimum output at the
Vourt pin is VBaT-Vdit3 (max.).

When M1 is on and M2 is off, the leakage current of M2 is kept below 100 nA (ViN=6 V, loyT =50 mA,
Ta=25°C) with the VgaT pin connected to the ground (Vss).

3. Voltage detector

The S-8420 Series has three voltage detectors featuring high precision and low power consumption with
hysteresis characteristics. The CS and PREEND detectors receive power from the Viy and VgaT pins.
Therefore, the output is stable as long as the main or backup power supplies are within the operating

voltage range (1.5 to 15 V). All outputs are Nch open-drains.
(1) CS voltage detector

10

CS monitors Vro (output of voltage regulator). The detection voltage is about 4 V, but varies with the
model (see Table 1). The result of detection is output at the CS pin: *“L" for lower voltages than the
detection level and “H” for higher voltages than the release level.

(2) PREEND voltage detector

PREEND monitors the Vgat pin. The detection voltage is 0.2 V higher typically than RESET, indicating
that the backup power supply is running out. The result of detection is output at the PREEND pin: “L”
for lower voltages than the detection level and “H” for higher voltages than the release level.

(3) RESET voltage detector

RESET monitors the Voyt pin. The detection voltage is 2.3 V or 2.5 V, but varies with the model (see
Table 1). The result of detection is output at the RESET pin: “L” for lower voltages than the detection
level and “H" for higher voltages than the release level.

NOTE PREEND and RESET are detected at different pins. In practice, current is taken from the VgaT

side, so consider the I/O voltage difference (Vgjt3) of M2 when M2 is turned on.

Figure 11 shows the detecting positions of each voltage detector.
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M1=ON |  M2=ON
5V 1
“VpET) [rm=mmmm s mmeees .
]
Vour 3V fommomommommoes ?
“VDET3 focomeccm o 4 .
Vpgrz {7TTTTTTTTTTTOT T s »
]
| |
H i >
H H E
Ccs !
L 1: ‘
H 1
PREEND I
L Lol
H
RESET .
L . o

CS is pulled up to the Vgp pin and PREEND and RESET to the Voyr pin.

Figure 11 Detection potentials of voltage detectors

Transient Response
1. Line transient response against input voltage fluctuation

Input voltage fluctuation differs with the types of the signal applied: type I (square wave between 6.0 V and
10 V) and type O (square wave from 0 V to 10 V) (see Figure 12). This section describes the ringing ,
waveforms and parameter dependency of each type. For reference, Figure 13 describes the measuring

circuit.

Type I : Square wave between 6.0V and 10V
10V

Inputvoltage 6.0V

Output voltage /\J Overshoot
deviation \/\ ¢ Undershoot

Type I : Square wave from0OVto 10V

1oV

Input voltage oV

Overshoot

Undershoot

Output voltage

deviation
Figure 12
Fast amplifier
Y v —>»Oscilloscope
™ s.8a20 O ) P
Veo Oscillo
Vee -SCope R
+
@ P.G. 7L = Cro

Figure 13 Measuring circuit

11
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I
Type Cro = 22 4F, loyr =30 mA, Ta = 25°C
1
10V l
Input i
voltage |6V g \
(5 v/div) !
[}
i
t
______ T S O T T FSEyRpEpUI p—
Output H
voltage* : T —
(200 mV/div) ! \ /
I
! \
I
i
t (200 us/div)
* The output waveforms at Vgo and Vgut pins are aimost the same.
Figure 14 Type I ringing waveform
Table 6 Type 1 parameter dependency
Conditi Method to decrease Method to decrease
Parameter onditions overshoot undershoot
Output current lout 5to 50 mA Decrease Decrease
Load capacitance Cgo 5to 47 uF Increase Increase
Input fluctuation AV 1tod4V Decrease Decrease
Temperature Ta -30°Cto +80°C High temperature High temperature
Type II Cro = 22 4F, lout = 30 MA, Ta = 25°C
1
10V i
Input |
voltage E
(5 v/div) oV E
1
i
1
—————————————————————————————————— l_____-- - — o ————— = e o= ] -
1
1
AN :
N
Output !
voltage* i
(200 mv/div) !
H
i
1 (500 ws/div)

* The output waveforms at Vrg and Vot pins are almost the same.

Figure 15 Type II ringing waveform

Table 7 Type 11 parameter dependency

P ¢ Conditi Method to decrease Method to decrease
arameter onditions overshoot undershoot
Output current lout 5to 50 mA Increase Increase

Load capacitance Cgo S5to 47 uF Decrease Decrease
Temperature Ta -30°Cto +80°C Low temperature Low temperature

For reference, the following pages describe the results of measuring the ringing amounts at the Vpoyrt and

VRo pins using the output current (lpyr), load capacitance (Cprg), input fluctuation width (AV|N), and
temperature as parameters.

12
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Reference data: Type I

1. lout dependency

1.1 Vouyr pin
0.5 T T T
Cro =22 uF, Ta=25°C
0.4
.
Ringing 03 . .
amount . /
(V) i =T /
0.2 " //
0.1 //
0.0 15 25 35 45 55
loyt (MA)
2. Cro dependency
2.1 Vouyt pin
1.0 T T T
\ loyt= 30 mA, Ta=25°C
0.8
0.6
Ringing 1
amount
M 04 \
0.2 N -
'\.‘
0.0 5 15 25 35 45 55
Cro (#F)

1.2 VRo pin
05 L T T
Cro =22 uF, Ta=25°C
0.4
Ringing 0.3 -
amount /
v) P .
0.2 /7_ *
0.1 //

0.0

15 25 35

2.2 VRp pin

1.0

45

lout (MA)

55

T

|0UT =30mA, Ta=25°C

0.8

L 0.6
Ringing
amount

V)

0.4

0.2

A

0.0

15 25 35

Cro («F)

45

Undershoot

----- =QOvershoot

55

13



BATTERY BACKUP IC FOR 1-CHIP CPU

S-8420 Series

3. AV)n dependency
AVN shows the difference between the low voltage fixed to 6 V and the high
voltage. For example, AVin=2 V means the difference between 6 V and 8 V.

3.1 Vout pin
0.4 T T T
lour=30mA
Cro =22 uF, Ta=25°C
0.3
Ringing
amount
M 02 //
0.1 /
/
001 2 3 4 s
AViy (V)
4. Temperature dependency
4.1 Vouyrt pin
0.5 v b v
lout=30mA
CRO =22 pF
0.4
N
Ringing 0.3 <y-.
amount \. R
V) \
0.2
0.1
0.0
40 -20 0 20 40 60 80 100

14

Ta (°C)

3.2 VRo pin
0.4 T T T
lout=30mA
Cro =22 uF, Ta=25°C
0.3
Ringing
amount
V
M o, /,/.
os| LA
00— 1 2 3 4
AV (V)
4.2 Vgp pin
0.5
louT=30mA
CRO =22 ;lF
0.4
Ringing 0.3
amount \\
(V) Sad, . \
0.2 A .3
0.1
0.0
40 -20 0 20 40 60 80
Ta (°C)
Undershoot
oo Overshoot

100
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Reference data: Type II

1. lout dependency
1.1 Vour pin

0.5 T T T
Cro =22 4F, Ta=25°C

0.4

_ 0.3
Ringing
amount

v)

0.2

0.1

0’05 15 25 35 45

lout (MA)

2. Cpo dependency
2.1 Voyr pin

55

0.5 ,
IOUT=30 mA .
Ta=25°C Lo’

0.3

Ringing N
amount A
M 02

0.1 —*

0.0

5 15 25 35 45
Cro (F)
3. Temperature dependency

3.1 Vouyr pin

55

0.6 IOUT'_' 30 mA

Cro =22 uF

0.5 :

- .

0.4 .

Ringing 0.3
amount ‘
V) |-

0.2 —

0.1

0.0

40 -20 0 20 40 60 80

Ta (°C)

100

1.2 VRo pin
0.5 T T T
Cro = 22 uF, Ta=25°C
0.4
0.3
Ringing
amount
M 02
/ —
0.1 /
0.0 5 15 25 35 45 55
lout (MA)
2.2 Vo pin
0.5 T
lour=30mA
Ta=25°C
0.4 —
0.3 -
Ringing N
amount
v 02 ]
0.1 f——p
0'05 15 25 35 45 55
Cro (¢F)
3.2 VRo pin
0.6 T T
IOUT =30mA
0.5
Ringing 0.4 1
amount ’
V) 03 ne
0.2 f—frt
«* /
T |
0.1 o
0.0
-40 -20 0 20 40 60 80 100
Undershoot Ta (°C)
=+« s« =Overshoot
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2. Load transient response based on output current fluctuation

The overshoot and undershoot is caused in the output voltage if the output current fluctuates between 10 LA
and 30 mA while the input voltage is costant. Figure 16 shows the output voltage fluctuation due to change
of output current. Figure 17 shows the measuring circuit for reference. The latter half of this section
describes. ringing waveform and parameter dependency.

10 LA

Outputcurrent 35 mA

Output voltage iOvershoot
deviation _
' t Undershoot

- Cro

v, Vour ' e—>-Oscilloscope
N 58420 P
Vho scillo-
Ves . soee

Figure 17 Measuring circuit

Output current fluctuation causes ringing. Figure 18 shows the ringing waveform at the Voyt pin and
Figure 19 shows that waveform at the Vgo pin.

Vour pin
Vin=5.4V, Cro=22 u4F, Ta=25°C
! 1
lout =10 pA |
Output —— =
current | |o,r =30 mA : \
)
i
1
___________________________ L T ]
Output !
voltage !
i ]
(100mV/div) A | ~
H )
J /
| /
1

t (1.0 ms/div)
The voltage drop of M1 causes a large difference between the ringing amounts of A and B.

Figure 18 Ringing waveform due to output current fluctuation (Voyr pin)
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VRo pin
ViN=5.4V, Cro = 22 4F, Ta=25°C
I ]
lour=10 LA i
Output N
current | loyr=30mA i \
1
t
1
i
]
--------------------------------- bt L L Ty SR SNepapps PRSI
Output (‘\ i
voltage e Fa
(100mV/div) 1 ; \ /

]

| V
]
!

t (1.0 ms/div)

Figure 19 Ringing waveform due to output current fluctuation (Vro pin)

Table 8 Parameter dependency due to output current fluctuation

P " Method to decrease Method to decrease
arameter overshoot undershoot
Input voltage VIN Increase Increase
Load capacitance Cgro Increase Increase
Temperature Ta No change High temperature
Reference data
1. VN dependency
1.1 Vour pin 1.2 VRo pin
04 T T T ] 0.4 T T ] T
Cro =22 u4F, Ta=25°C Cro =22 uF, Ta=25°C
0.3 0.3
Ringing Ringing
amount amount
V)
Y 0.2 V) 0.2
. \'\
0.0 0.0
54 55 56 57 58 59 6.0 54 55 56 57 58 59 6.0
) Vin (V) Vin (V)
Undershoot
----- =Overshoot

17
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2. Cro dependency

I
ViN=5.4V, Ta=25°C

2.1 Vour pin
0.4 l
0.3
Ringing
amount
V.
V) 0.2
\Q'h
0.1 \N;
0.0
20 40 60
Cro (&F)

3. Temperature dependecy

3.1 Vopuyrt pin

100

0.4

Vin=5.4V, Cro=22 uF

0.3
Ringing
amount

v

0.2

0.1

0'940 20 0

18

Ta{°Q)

20 40 60 80 100

2.2 Vg pin
0.4 I S —
ViN=5.4V, Ta=25°C
0.3
Ringing
amount
v)
0.2
\\
0.1 —
.0
0 20 60 80 100
Cro (&F)
3.2 VRo pin
0.4 T T T
ViN=5.4V, Crp=22 4F
0.3
Ringing
amount
V.
V) 0.2
S S
0.1
0'940 20 40 60 80
Ta (°C)
Undershoot
------ Overshoot

100
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3. Selecting load capacitance

Results of 1 and 2 demonstrate that:
e The parameter dependencies of type I of input voltage fluctuation and output current fluctuation have the
same tendency. However, the ringing amount is larger in type 1.

¢ The parameter dependency of type 1 of input voltage fluctuation has the reverse tendency to that of
type I and output current fluctuation.

Therefore, proper load capacitance is determined by types I and I of input voltage fluctuation.

For example, Figure 20 shows the type I undershoot amount and type I overshoot amount in the Crp
dependency at the VRp pin. The type 1 undershoot crosses the type I overshoot where Cro is 18 4F.
Therefore, a load capacitor of 18 »F will keep both undrershoot and overshoot low. However, if the load
capacitance is 10 »F or less, type I undershoot will increase. So, add a capacitor of at least 10 ».F. The
dependency of the ringing amount is the same for both the Voyt and Vgrp pins. (In this example, the Voyrt
pin has no load capacitor attached, and has a littie larger dependency than that at the Vrp pin.) Two 10.F
capacitors at the Voyr .and VRo pins suppress the ringing amount better than a 20.F capacitor at the Vro

pin.
1.0 I I
lout=30mA, Ta=25°C

0.8 \

Ringing 0.6

amount

(\) Overshoot
0.4 \\ ...... OO poe
0.2 , BNy
Lt Undershoot
0.0 5 15 25 35 45 55
Cro (¢F)
Figure 20

If IC chips or capacitors connected to the Vgp and Voyr pins have sufficient room for overshoot and littie
room for undershoot {the VRp output voltage is close to the detection voltage of the CS voltage detector),
use of capacitors of 18 xF or more is recommended. In either case, check the temperature

characteristics.
* Vo
10 uF
Vro

B Standard Circuit

1kQ
o v AAA
le BAT Yyy
i Vour | Vour
- + 1
— . =3y
= 6V 10 uf S-8420 Series 10 uF 0-1uF  —==2¥
Vss
RESET [—>
Cs  PREEND
e l 7
Figure 21
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20

Merits In Designing

1. A switching circuit for main and backup power supplies is usually configured with discrete components.
The S-8420 Series enables you to configure the circuit with a single chip.
Some microcomputers can enter standby mode (or low clock mode) from normal mode (or high clock
mode) only, and need about 5 V each time they are used. If a low voltage (such as the backup voltage)
is applied to these microcomputers initially, they may run away and vast current consumption may flow.
The $-8420 Series are designed to have a special sequence that stops the backup voltage until the main
power supply voltage reaches the initial voltage that trips the switch.

2. Systems can be structured easily.
Three types of built-in voltage detectors (CS, PREEND, and RESET) send three types of voitage detection
signal to microcomputers.

3. Battery service life are prolonged.

- The I/O voltage difference in the switch is very small (as small as that of a Schottky diode), and aliows
the batteries to be used until just before they are completely discharged.

- The current consumption during backup operation is very small (3.6 »A max.), and allows the backup
power supply to have a long service life.

Notes on Design

¢ In applications with small Igro or loyr, output voltage (Vro) may rise to cause the load stability to violate
standards. Set Igo and loyt to 10 LA or more.

e Attach the proper capacitor to the Vrp pin to prevent the CS voltage detector (which monitors the Vg pin)
from being active due to undershoot.

e Watch for overshoot and ensure it does not exceed the ratings of the IC chips and/or capacitors attached
to the Vro and Vopyr pins.

e Do not apply a ripple voltage of the conditions below to Vyy terminal.

VIv]

ANV

Vpp 2 0.5V
f 2 1000Hz

Figure 22

e Consider the tolerable loss of the output transistor, particularly at high temperature.

\
300

Power
dissipation

: Ambient temperature Ta (°C
25 110 ! perature Ta (*C)

Figure 23 Power dissipation of 8-pin SOP
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Application Circuits

1. When using a timer microcomputer for backup and displaying PREEND on the main CPU

+
10 uF
_ 100 ke R,
| <: <D
Vour = =z l—l g l-'
*+] Vi v
(<4
10%%_ $-8420 s s
= 1kQ R -
5V = - Vgar PREEND _ Timer
— microcomputer
- 0.1 uF
3V ]
RESET RESET
+ | Vro e
10 2] - Ves l G' VAN
- I
100 k0
F D I.l A'A'A'
LCD Ve
It te 1 1”1 . RESET
T e s Main .
CPU INT
| SEGg <‘L
Address and data

e

Figure 24

2. When adding delays to RESET to make it a RESET signal

+

il

Py |

r

+ kO

1
10 uF MT I

Vro
Vin
S-8420
Vear
Vss

* RESET can be delayed by Rp and Cp.

10 4F
Vour Vee
< 100k0)
E:
cs INT
[300 kahoo k4
Ro' = =
- -
RESET Ay a4
450kp RESET
Co' | 0.3 4F 1Ma

v
0.1 4
31 l

Microcomputer

* About 60 ms of delay time can be added when Rp =300 k2 and Cp = 0.3 4F.

Figure 25
3. Memory card {when a voltage regulator is not used.)
e meem——mm—— oo Card unit ==--cemmcem e
]
; $-8420
1
Vin 1 : 4 4 Vv vV, S *
: . IN out . T
= = l =
b= Z 1047 Vro - = SRAM
! cs
BDT2 & PREEND 1
! s .
BDT1 & : RESET Vaar —1 AMALED
i —_
: T 1? : l )
1
! i
S T T T T T T T T T T T
Figure 26
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B Characteristics
1. Voltage regulator

1.1 Input voltage - Output voltage

(1) Ta=80°C (2) Ta=25°C
6.0 6.
5.5 5.5
5 70 mA 5 70 ',"A
Vro 50 mA = — Veo ™ 50 mA
v) 30mA // ) 30 mA
lro =10 mA
45 ro =10 45 IR°=19mA
e 7~ ) 4
//y/)/<go mA %y/<90 mA
4 g . -

4 45 5 5.5 6 4 4.5 5 5.5 6
Vin (V) Vin (V)
(3) Ta=-30°C
6.0
5.5
70 mA
v 5. }
RO 30mA! 50mA 7
V) ! -10mA\ m
4.5 R0 / A
/ > 90 mA
40 7
4 4.5 5 5.5 6
Vin (V)
1.2 Input/output voltage difference - Output voltage
(1) Ta=80°C (2) Ta=25°C
1.05 1.05;
lag= 10 MA lao=10mA
|
1.00 1.0 %
Vro ( // / Vro
Vinitial /30 "‘A/ / Vinitial om "y’ 90 mA
0.95 /1s0m y. 0952 70 mA
) 4 7})mx>,( - /
/ / / 90 mA / /
0.90—4 / 0.90—4
0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 1.0 0 0.1 02 03 0.4 05 0.6 0.7 0.8 0.9 1.0

Vi - Vinitial (V)

22

V) - Vinitial (V)

Vinitia! : Vg value when input voltage is 6 V.
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(3) Ta=-30°C

1.05

lno = 10 MA

N

1.00

Vro
Vinitial |
0mA

S0 mA

0.95 3 }
S0 mA

30 mA

7
/

0.90

0 0.1 02 03 04 05 0.6 0.7 0.8 0.9

V)n = Vinitial (V)
1.3 Output current - Output voltage

1.0

Vinitial : Vgo value when input voltage is 6 V.

1.4 Output voltage - Temperature

5.15 T 60 ViN=6V, lro =50 mA
Vin=6.0 V Based onVgo when Ta is 25°C
5.10 40
Vo 5.05 20 —
v) Ta = 80°C AVgo A
5.00 V) 0
(mv) /
Tom 2ot T\ A
4.95 \ -20 7
YT e /
4.90 Ta I= - 30T 40
4.85 -
0.001 0.01 0.1 1 10 100 40 20 0 20 40 60 80 100
lro (MA) Ta (°0)
1.5 1/0 voltage difference - Temperature 1.6 Line regulation - Temperature
0.20 T 0.10 T I
lro =50 mA
lro =50 mA RO
RO 0.08
0.15
V .
ik d AVgo  0.06
0.10 7’ EVlN'VRO /—"
/ (%) 0.04 —
pa
0.05 // 0.02
1 0.00
0.00 " a0 20 0 20 40 €0 80 100 : -40 20 0 20 40 60 80 100
Ta (°C)
Ta (°C)
1.7 Load regulation - Temperature
140 T
VinN=6V
. 120
100
OVro 80
(mvV)
60
40
L]
20
0
-60 -40 -20 0 20 40 60 80 100 120

Ta (°C)
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2. Switch
2.1 input/output voitage difference
(1) Va2
1.0
0.9 VgaT= 3V, Ta= 25°C
0.8
07\
0.6 loyr=90mA |
Vdi2 N N LT
V) g'z N— TOmA | e
’ NG 50 mA
0.3 Pog—
0.2 30 mA
0.1 10 mA
0.0
4 5 6 7 8 9 10
Vin (V)
2.2 Inputoutput voltage difference - Temperature
(1) Vit
0.4 ] T T 1 T
Viy=6V, Vgar=3.0V
lqur= 50 mA
0.3 ]
Vgif2 //
V) //
0.2 =
0.1
00 40-20 0 20 40 60 80 100
Ta (°C)
2.3 Switch voltage (-Vsw)- Temperature
100 T T T T
80 Based on -Vsw voltage |
when Ta is 25°C
60
40
CA-Vgy 20
(mv) o
[ —
-20 —
-40
-60
-80
-100

-40 -20 0 20 40 60 80 100

Ta (°C)

2.5 Leakage current-Input voltage

1 I 1
VeaT = Vss, lour =50 mA

Ta=25C
pd

<

1000
100
lLexk 10
(nA) /
1 //
0.1¢ 8

24

10 12 14 16
Vin (V)

(2) Vdits
1.0
Vin=Open |
0.9 Ta=25°C
0.8
0.7
0.6
Vairs 03 \
Vv
V) 0.4 \ Y
o S A
I I e
) e —
0.0
1 3 4
Vgart (V)
(2) Vi3
0.3 I T S
ViN= Open, VBAT =3.0V
louT = 200 LA
0.2
Vdif3
V)
0.1
o] ]
0.0

-40 -20 0 20 40 60 80 100

Ta (°Q)

2.4 Viy voltage - Temperature

150
100
50
AV
(mvy -50
-100
-150
-200
-250

i | 1 | |
Based on V)y; voltage |

when Ta is 25°C

N

N

N

-40 -20 0 20 40

60 80 100
Ta (°0)

2.6 Leakage current- Temperature

100

80

ViN=6V, Vgar=Vss
loyt=50 mA

L

"1

-40 -20 0 20 40 60 80 100

Ta (°0)
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3. Voltage detectors

3.1 CS voltage detector

(1) Detection voltage - Temperature

40 T T T 1
Based on CS (-VpeT1)
voltage when Ta is 25°C

20

ACS
(-(\/05;1)
mV 0
[
L~ \\
7
-20
-40
-40 -20 0 20 40 60 80 100
Ta (°C)
(3) Output current - Temperature
10 T T
V|NOTVBAT=3.6V
9
N
N
Isink 8 N
(mA)
6
5
4

-40 -20 0 20 40 60 80 100
Ta{(°C)

3.2 RESET voltage detector

(1) Detection voltage - Temperature

40 T I T 1
Based on RESET ('VDETZ)
voltage when Ta is 25°C
20
RESET
(-Voer2) O
(mV)
-20
40 40-20 0 20 40 60 80 100
Ta (°C)
(3) Output current - Temperature
6.0
5.0
VN or Vpar=2.0V
s 0 a
(mA) ~
3.0
\\\
2.0 Viyor VBAT= 1.5V
1.0

-40 -20 0 20 40 60 80 100
Ta (°Q)

{(2) Output current

25

20

e
Viy= 3.6/
o 15
SINK
(mA) /
10
/ Vin=2.0 V

(2) Output current

15
Ta=25°C

10
lsink Viy=2.0 V

(mA) /

25
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3.3 PREEND voltage detector

(1) Temperature characteristic of difference between PREEND and RESET detection voltages

250
230
PR\E/END) o RE/SET ) 210
(-Voers) (-Vpem2 ( —r
(mV) 190
170
150
-40 -20 O 20 40 60 80 100
Ta(°C)
(2) Output current (3) Output current- Temperature
10. 5.0
Ta=25°C
8. 4.0
Vinor VBAT =20V
30 \\'\
o Vin=2.0V Ik T
(mA) | e (mA)
4. Vel 2.0
- ViNOrVgar=1.5V
2 / Vin=15V 1.0 IN BAT
0.0 0.0
0 1 2 4 -40 -20 0 20 40 60 80 100
Vps (V) Ta (°C)
4, Current consumption
4.1 ViN-lsst 4.2 VAT - IBAT3
40 10| LI
V|n = Open
8
30
o lgat3
2 _ane (uA)
lsss B Ta=80°C
(2A) / C Ta=25°C 4
10 P Ta=-30°C | _—Ta=80%C
/% 2 Ta = 25°C
L —T""1Ta=-30°C
L#
0 2 4 8 10 12 14 16 0012345678
Vin (V) Veat (V)
Vgar = Open

26
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4.3 Temperature

(1) lss1 (2) Iss2
40
3 1 ] 1]
ViN=6.0V, VgaTr=3.0V Vin= 15V, Vgar=3.0V
30
20
lss1)
(nA "] | 20
1| () T
10 ] ’//
10
0 40.-20 0 20 40 60 80 100 0 40-20 0 20 40 60 80 100
Ta(°C) Ta (°C)
(3) lsaT1 (4) lgats
0.5 T T T T 5.0 T T T T I
ViN=6V, Vgar=3V Vin=0Open, Vgar=3.0V
0.4 4.0
e
lgatt 0.3 Igats 3.0
(uA) 1 (uA) e
0.2 2.0
—-//
0.1 1.0
0.0 0.0

40 20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Ta (°C) Ta(°0)
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