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Objectives and Intended Reader

The purpose of this manual is to promote the idea among our users that Cypress' ICs are easy to use. It is composed of a
collection of frequently asked questions and data items which provide supplementary information to data sheets. Through
numerous examples, it provides easy-to-understand explanations aimed at helping users make effective use of our products.
We hope that this manual will be helpful for the users of Cypress ICs engaged in power voltage monitoring.

It should be remembered that the circuit diagrams and data values mentioned in this manual are for reference use only and
that these numerical values are not guaranteed ones.

This manual should be read by engineers responsible for developing products which will use Cypress ICs for monitoring power
voltage.

Function Classification of ICs for Monitoring Power Voltage
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1 MB3761 Applications

1.1 How to Produce Hysteresis Characteristics

Using an external circuit, it is possible to add hysteresis characteristics to Comparators A and B (Comp. A and Comp. B) that
are housed in the MB3761.

Related data sheet(s): Operational Definitions

1.1.1 Hysteresis Characteristics for Comp. A
Comp. A shows different values of detection, depending on whether there is a current flow through Rs (refer to Figure 1).

Figure 1. Comp. A Equivalent Circuit

VIN Vcec
Rs3
MN
R1 RL
+)
V3 h V2
A
R> - 4 +—O OUT-A
J_ () Voa

At the Time of a Vin Rise

As shown in Figure 1, set an equivalent circuit. If the pin 3 terminal voltage (Vs) is lower than Vg, the internal circuit operates
as shown in Figure 3; the transistors at pins (2 and 4) are off. Because of an RL pull-up, pin 4 provides an H output, which
corresponds to the [1] range in Figure 2.

There is no current flow at point P, so that no current will flow out from pin (2). Therefore, there is no current flow at Rs. This
means that the Figure 1 and Figure 4 circuits are equivalent.

Figure 2. Output Operation of Comp. A (during a Vin rise)

Vo (A)

[1] (2]

Vi (A)
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Figure 3. Circuit Operation of Comp. A with Pin 3 Terminal Voltage Lower than Vr
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Figure 4. Equivalent Circuit of Comp. A Under V3 < Vr Condition
ViN

V3

il

The pin 3 terminal voltage (V3) may be calculated from the following equation.

the detection voltage, Vin (A), will reach the value of Vin available when Vs = Vr. Therefore, the following equation applies.

Ri1+R2

ViH (A) = T VR
_ R1
=(1+ )R

This reverses the output, resulting in the [2] range in Figure 2.
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At the Time of a Vin Fall

As the value of Vin is decreased gradually, the internal circuit operates as shown in Figure 6, when the pin 3 terminal voltage is
higher than Vr (this corresponds to the [3] range in Figure 5. The internal transistors at pins 2 and 4 are turned on. This
changes the output at pin 4 to the L level, so that a current begins to flow at the pin 2 terminal (refer to Figure 7).

Figure 5. Output Operation of Comp. A (during a Vi fall)
Vo (A)

[4] 3]

. VN
ViL (A) ViH (A)

Figure 6. Circuit Operation of Comp. A with Pin 3 Terminal Voltage Higher than Vr
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:‘ T VR
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Figure 7. Equivalent Circuit of Comp. A Under V3 > Vr Condition

O Vo

As shown in Figure 7, there is a current flow (Is) through Rs, thus increasing the value of current I2 flowing through Rz. This, in
turn, increases the voltage drop through Rz and increases the Vs voltage level. To meet the V3 = Vr relationship, the increase
in the V3 voltage level requires a lower Vin value, which is lower than the value of Vin available during the change from [1] to
[2] in Figure 2 (refer to the description of hysteresis characteristics).
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Under these conditions, the following equations apply.

V2-Vs,Vin-V3s_Vs
Rs * Ri R @
V2=Vcc ---(b)

Substituting equation (b) into equation (a) provides the Vin equation as follows.

N:V3(1+R //Rs) Rs Ry

The detection voltage, ViL (A), will reach the value of Vin available when Vs = Vr.

Therefore, the following equation applies.

ViL(A) =VrA+ =) - Rl Vcc

R2 //R3

1.1.2 Hysteresis Characteristics for Comp. B
Comp. B shows different values of detection, depending on whether there is a current flow through R6 (refer to Figure 8).

Figure 8. Comp. B Equivalent Circuit
VIN Vcc

RL

O HYS-B
O OUT-B

At the Time of a Vin Fall

As shown in Figure 8, set an equivalent circuit. If the pin 1 terminal voltage (V1) is higher than VR, the internal circuit operates
as shown in Figure 10; the transistor at pin 6 is turned on. Vo (B) provides an L output, which corresponds to the [1] range in
Figure 9.

The transistor at pin 7 is turned off, so that no current will flow at point P of Re. In this case, the Figure 8 and Figure 11 circuits
are equivalent.

Figure 9. Output Operation of Comp. B (during a Vi fall)
Vo (B)

[2] [1]

ViN
ViH (B)

WWW.Cypress.com Document No. 002-04329 Rev. *B 5


http://www.cypress.com/

o CYPRESS

g~ EMBEDDED IN TOMORROW™ ICs for Monitoring Power Voltage Power Supply ASSP Application Notes

Figure 10. Circuit Operation of Comp. B with Pin 1 Terminal Voltage Higher than Vr
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Figure 11. Equivalent Circuit of Comp. B Under V1 > Vr Condition
ViN

VHB
O Vos

From Figure 11 the threshold voltage, Vi (B), may be expressed as follows.

Vi(B) = (1+ %)VR

At the Time of a Vin Rise

As the value of Vin is increased gradually, the internal circuit operates as shown in Figure 13, when the pin 1 terminal voltage
is lower than Vr (this corresponds to the [3] range in Figure 12). This turns off the internal transistor at pin 6 and turns on the
internal transistor at pin 7. In this case, the Figure 8 and Figure 14 circuits are equivalent.
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Figure 12. Output Operation of Comp. B (during a Vin rise)
Vo (B)
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Vi I(B) Vi (B)

Figure 13. Circuit Operation of Comp. B with Pin 1 Terminal Voltage Lower than Vr
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Figure 14. Equivalent Circuit of Comp. B Under V1 < Vr Condition
VIN

ICs for Monitoring Power Voltage Power Supply ASSP Application Notes

As shown in Figure 14, when pin 7 changes to the L level, current I4 flowing through R4 branches into current Is flowing through
Re and current Is flowing through Rs. This reduces the R5-based voltage drop by the 16 equivalent, thus lowering the Vi

voltage level.

Causing another output reverse under the V1 > Vr condition requires a much higher value of Vin, which is higher the value of

Vin available during the change from [1] to [2] in Figure 9, resulting in the Vi1 = Vr relationship (refer to the description of
hysteresis characteristics).

Under these conditions, the following equation applies.

WWW.Cypress.com
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Vin-Vi_Vi Vi
R4 Rs Rs

When V1 = VR, Vin satisfies the Vin = Vin (B) relationship. As the value of Vin undergoes a gradual increase, therefore, the
value of detection value, Vi (B), may be expressed by the following equation.

Ra

ViH(B)=(1+ 7R5//R6

) * VR

1.2 How to Add Hysteresis Characteristics
It is possible to add hysteresis characteristics to Comparators A and B (Comp. A and Comp. B) that are housed in the MB3761.

Related data sheet(s): Application Examples - Addition of Hysteresis

1.2.1 How to Add Hysteresis Characteristics to Comp. A
Figure 15. Hysteresis Characteristics Added to Comp. A
Vce Vce

When V3 < Vr

There is no current flowing out at pin (2) because the internal transistor at pin (2) shown in Figure 15 is off. This is equivalent
to the Figure 16 circuit; therefore, the detection voltage may be expressed by the following equation.

Vin(A) = (1+ %)VR
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Figure 16. Equivalent Circuit of Comp. A Under V3 < Vr Condition
Vcc
R1
R2
.
Rs é
!

The internal transistor at pin (2) shown in Figure 15 is turned on, so that V2 is nearly equal to Vcc. This is equivalent to the
Figure 17 circuit; therefore, the detection voltage may be expressed by the following equation.

R2
Rs

A OUT-A

I

When V3 > Vr

ViL (A)=(1 + ) VR

Figure 17. Equivalent Circuit of Comp. A Under V3 > Vr Condition
Vcc

R2

A OuUT- A

Rs -l_i
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1.2.2 How to Add Hysteresis Characteristics to Comp. B

Figure 18. Hysteresis Characteristics Added to Comp. B
Vcce

Vin R1 Vi1

)

Rs3

When V1> Vr

The internal transistor at pin (7) shown in Figure 18 is off and an equivalent circuit is given in Figure 19. When the internal
output transistor at pin (6) is turned on, the output level changes to L.

The detection voltage may be expressed by the following equation.

- R1
Vi(B) =1+ Ryt R3)VF

Figure 19. Equivalent Circuit of Comp. B Under V1 > Vr Condition

ViNn Rz
O—W—1 >
B
R2 y
71-7VR
Rs3

When Vi < VR

Because the internal transistor at pin (7) shown in Figure 18 is on, the output level changes to L; an equivalent circuit is given
in Figure 20. When the internal output transistor at pin (6) is turned off, the output level changes to H.

The detection voltage may be expressed by the following equation.

Vin(B) = (1+ %)vp
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Figure 20. Equivalent Circuit of Comp. B Under V1 < Vr Condition
Vcce

Vi R1 Ru
- L F
7L VR l Cl

1.3 How to Search for Power Voltage Malfunctions [1]
This section explains how to search for malfunctions in power voltage using the MB3761.

Related data sheet(s): Application Examples - Voltage Detection for Alarm

How to Search for Power Voltage Malfunctions [1]

Ve Vece Vece

Rs

Ra

*1: When Vee < Veel
When the output at pin (4) in Comp. A changes to H, Vo changes to L.
When the output at pin (7) in Comp. B changes to L, Vo changes to L.

As the detection voltage in Comp. B, Vcc. may be expressed by the following equation.

Vea = (L+ R3)Ver
Ra
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*2: When Vee < Veer <Vech
When the output at pin (4) in Comp. A changes to H, Vo changes to H.
When the output at pin (7) in Comp. B changes to H, Vo changes to H.

*3: When Vee > Veen
When the output at pin (4) in Comp. A changes to L, Vo changes to L.
When the output at pin (7) in Comp. B changes to H, Vo changes to L.

As the detection voltage in Comp. A, Vccn may be expressed by the following equation.

-1+ R
Veen=(1+ R2)VR

1.4 How to Search for Power Voltage Malfunctions [2]
This section explains how to search for malfunctions in power voltage using the MB3761.

Related data sheet(s): Application Examples - Voltage Detection for Alarm

How to Search for Power Voltage Malfunctions [2]

Ve Vcc

R3
R1 Ra

Va

R2

~ Vco

[1]: At a high value of V¢, if the Vg < V, relationship is met, the output of Comp. A changes to the L level and the value of Vg depends on
the Rs and R, combination.

[2]:  When V3 < Vg, the output of Comp. B changes to the L level.

[3]:  If the value of Vcc decreases and the Vg > V, relationship is met, the OUT-A output changes to H and the output of Comp. B also
changes to H.
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[How Comp. B works]
When Pin (4) of OUT-A is at the L Level

*1: Vee>R2Ri. Vg ---The output Vo changes to the H level.

*1: Vec<B2#Ri. Vg ---The output Vo changes to the L level.

When Pin (4) of OUT-A is at the H Level
The output Vo changes to the H level.

[How Comp. A works]
*2: Vec>R2R2. Vg ---The OUT - A output changes to the L level.
*2: Vee<E2%2. Vg ---The OUT - A output changes to the H level.

1.5 Programmable Zener
This section explains programmable Zener that use the MB3761.

Related data sheet(s): Application Examples - Programmable Zener

®  Programmable Zener

R2 + R3 VR
VO = — PR3
1+ =3 )
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-
Vecc
‘ R1
Vo
11}

R2 ‘ I2

Rs3

777 777

*
6MA>11> 12

*: Because of transistor capability

1.6  Calculation in Sample Circuit for Resetting Reduced Voltage
This section explains equations regarding a sample circuit used for resetting reduced voltage using the MB3761.

Related data sheet(s): Application Examples - Recovery Reset Circuit

Calculation in Sample Circuit Used for Resetting Reduced Voltage
Figure 21. Equivalent Circuit for Resetting Reduced Voltage

Vcec =5V Vcc =5V
——

R1

Vsc
R2

VTH

Rs3
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[How to Calculate Vcc (H) and Vce (L)]
Figure 22. Equivalent Circuits for Vcc (H) and Vcce (L)

Vce Vce
R1 y R1
/ X
R2 R2
VTH Ra VTH
R3 R3
Equivalent to VCC (H) Equivalent to VCC (L)
How to Calculate Vcc (H):
(R2+ Ra3)//Ra
Vee=Vx  ---(a
Ri+(R2+R3)//Ra B (@)
Rs — o

Ryt R Vx =VTH (b)

From (a) and (b), you get the following equation

(R2+R3)R4
R2+R3+R4 — RZ + R3V
Rl+(R2+R3)R4 ce R3 ™
R2+R3+R4

(R2+R3)R4 _R2+R3
Ri(R2+ Rs+ R4) + (R2+ R3)R4 Oy Rs " 4

Veo(H) = Riy(R2+Rs +FI§:3J (R2+R3)R4 Vi
_ Ry(R2+Rs) Vi 4 (Ri+Rz2+ R3)R4
R3R4 R3R4
_ Ry(R2+Ry)

R3Ra4

VH

Vth+Vec(lL)
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How to Calculate Vcc (L):

_ Rs .=
RTR, TR Vce=VH (c)

From (c), you get the following equation

Veo(L) = BeRetRa\/

1.7 How to Search for Malfunctions in Power Voltage with Hysteresis Characteristics [1]
This section explains how to search for malfunctions in power voltage with hysteresis characteristics using the MB3761.

Related data sheets: Operational Definitions

Application Examples - Voltage Detection for Alarm

How to Search for Malfunctions in Power Voltage with Hysteresis Characteristics [1]

See Figure 22, which is a combination of the circuits in the Operational Definitions and Application Examples - Voltage
Detection for Alarm data sheets. The detection voltage may be expressed by the following equation.

Vi(B) =(1+ %) X VR

ViL(B) = (1+=P4 yx vk

Rs// Re
= _Ra - Ra
ViL(A) =1+ R/ R3)><VR Ra X Vee

ViL(A) = (1+ %) x VR

Note: Check for proper operation by considering factors such as current consumption, each terminals' maximum rating, and
recommended operating conditions. Then, set the resistance values.

Figure 23. Sample Circuit Detecting for Malfunctions in Power Voltage with Hysteresis Characteristics [1]

O Vcc
é R4
Re
M\
R1 g
1 8 L
=Rs
WA 2 7 SR
Rs3
3 6
R2 % 4 5 —‘
7J7 o Vo
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Figure 24. Output Operation of Sample Circuit Detecting for Malfunctions in Power Voltage with Hysteresis Characteristics [1]
Vo

VIL(é) VIH(®B) V|L(A) ViH@A)

Figure 25. Equivalent Circuit Detecting Malfunctions in Power Voltage with Hysteresis Characteristics [1]

Ve Vcc
Re
W
RL Ra
Vo | o O

HYS-B < Rs
VR ;

1.8 How to Search for Malfunctions in Power Voltage with Hysteresis Characteristics [2]
This section explains how to search for malfunctions in power voltage with hysteresis characteristics using the MB3761.

Related data sheets: Application Examples-Addition of Hysteresis
Application Examples-Voltage Detection for Alarm

How to Search for Malfunctions in Power Voltage with Hysteresis Characteristics [2]

See Figure 26 which is a modification of the circuits in the Addition of Hysteresis and Application Examples - Voltage Detection
for Alarm data sheets. Comp. A detects for malfunctions in Vccis and Veei2; and Comp. B for Veens and Vecpa.

The detection voltage may be expressed by the following equations.

Veeu=(1+ &) xVR
Rs
Veee = (1+ %) X VR

- R4
Veerns = (1+ Rot Re) X VR

Veena = (1+ %) X VR

Note: If the desired detection voltage is relatively high, the voltage at pin (7) is small, depending on the resistance ratio.
Therefore, the above method is not applicable when it is not possible to detect the system side as H level at the
specified smoll voltage.
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For more details, refer to the section 1.2 “How to Add Hysteresis Characteristics” and section 1.4 “How to Search for Power
Voltage Malfunctions [2]”.
Figure 26. Sample Circuit Detecting for Malfunctions in Power Voltage with Hysteresis Characteristics [2]

Vce Vcc

O Vo

1.9 How to Troubleshoot the MB3761
This section explains how to troubleshoot the MB3761.

How to Troubleshoot the MB3761

1. If there are output fluctuations
o You may encounter output fluctuations when the input change speed is low. For details, refer to the sub section 1.9.1
“If There are Output Fluctuations”.
2. If hysteresis characteristics are not appropriate

o Depending on the setting of resistance values, the measurement of the lower detection voltage may be higher than the
setting. For details, refer to the sub section 1.9.2 “If Hysteresis Characteristics are not Appropriate”.
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1.9.1 If There are Output Fluctuations
You may encounter output fluctuations when the input change speed is low.

If There are Output Fluctuations

[Probable Causes]

1.

n

Because of the offset between the output OUT-B and HYS-B in comparator B (Comp. B), OUT-B may change to the H
level before HYS-B changes to the L level at the falling edge of the input IN-B.If this occurs, the OUT-B output will
become unstable because of noise to INB or the "2." reason below.By contrast, the circuit configuration of comparator A
(Comp. A) will cause little output offset.

A switch between the outputs of Comp. B or Comp. A will cause a slight fluctuation in the internal reference voltage or
comparator offset. The fluctuation in an extremely narrow voltage range in IN-B or IN-A is attributable to the common
impedance inside the ICs.

[Corrective Action]

1.

N

Such an unstable output will usually take place in a slight input voltage range.Therefore,this phenomenon is not seen if
the input change speed is high (refer to Figure 28). At a low input change speed, it is recommended that you use Comp.
A; refer to "1." in [Probable causes]. Even when you use Comp.A, however, you may encounter a similar phenomenon
if the speed is extremely high.Careful experimentation and validation is necessary.

In case you use Comp.B with signals whose input change speed is low, it is recommended that you reverse OUT-B
through an external transistor for hysteresis characteristics (refer to the Figure 29).

Figure 28. How to Remove Unstable Output [1]

© Vcc
22M
0k T —W—
1 8 |-
, \ 47k
3 6 Vo (B)
768k = 4 5
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Figure 29. How to remove unstable output [2]

T Voc
100k é

1 8 L

) . = 4k

3 6 o Vo(B)
mek 2| |4 > — 00LF

3. When you remove any unstable output resulting from "2." in [Probable causes] above, it is recommended that you insert
a capacitor into the output in order to acquire sufficient time for hysteresis to work, and to eliminate the unstable output.

1.9.2 If Hysteresis Characteristics are not Appropriate

When you set the resistance values according to the Application Examples data sheets, the measurement of the lower
detection voltage may be higher than the setting, depending on the setting of resistance values.

Related data sheet(s): Application Examples - Addition of Hysteresis
If Hysteresis Characteristics are not Appropriate
[Probable Cause and Corrective Action]

See Figure 30, which shows the operating principle of comparator A (Comp. A) in the Addition of Hysteresis data sheet.
Depending on whether or not there is current | from pin 2, the value of V2 voltage switches to produce hysteresis
characteristics. The equation regarding Vi. (A) shown in the particular data sheet neglects any voltage drop through Rai. In
reality, however, there is a small current of approximately 80 pA and the Ri-based voltage drop cannot be neglected
depending on the resistance value. There may be difference between the calculated and measured values. (When Vs is
greater than VR, the internal transistor at pin (2) is turned on. The value of VL (A) is calculated assuming that V2 is nearly equal
to Vce. This assumption will cause an error because the two values are not exactly equal.)

Figure 30. Adding Hysteresis Characteristics to Comp. A
Ve Ve

Tip:  When the values of detection are set as Viy (A) = 36 V and V. (A) = 30 V, resistance selection reveals differences in detection
measurement, as shown in Figure 31 and Figure 32. The width of hysteresis is seen to become smaller as the resistance changes.
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Figure 31. Result Close to the Setting

VOA
MARKER ( 30.300V . 30.298V . )
40.00
4.000
/div
.0000
.0000 40.00
Ve 4.000/div W)
(R1=100k, R2=480k, R3=20k, RL=11k)
Figure 32. Result not Close to the Setting
VOA
()
MARKER ( 34.800V . 34.797V . )
40.00
J
4,000
/div
.0000
.0000 40.00
Voo 4.000/div V)

(R1=11k, R2=4.7k, R3=200W, RL=11k)
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1.10 Q&A Set Regarding the MB3761
This section provides a set of questions and answers regarding the MB3761.

Q&A Set Regarding the MB3761

Q&A Set Regarding the MB3761

Q1

Even at a Vcc value of 40 V, is
the input voltage up to 6.5 V?

What is the clamp voltage for
the protective diode at pin 3?

Al

Yes, the input voltage is up to 6.5 V.

The clamp voltage at pin 3 is approximately 6.5 V, as shown below. Remember
that the input pins are not designed to withstand a large current.

13
(mA)
MARKER ( 6.8300V . 51.74nA . )

2.000

.2000
/div

.0000

0000 10.00
V3 1.000/div V)

[Measuring circuit]
VCC=5V

MB3761

GND
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Q&A Set Regarding the MB3761

Q2 | With the MB3771, if the power | A2 | The MB3761 provides 2.5 V as the power voltage that guarantees the L level.
voltage is 0.8 V, the reset Capability data is illustrated below.
provides an L output. Is this
same with the MB37617?
HYSB vouT
() %
MARKER ( 19800V . . 0015V . 19558V )
5.000 5.000
5000 d 5000
" Idiv / " Idiv
ouT-B f
{ /
N\
gHYSB
//
/HYSB
— OUT-B
0000 — | f ‘ 0000
.0000 5.000
Veo 5000/ div V)
[Measuring circuit]
VCC=5V
o)
51k
100k M
’ 1 8 = 10k
HYSB
MB3761 7 —O
6 O
OUT-B
51k = 5
GND
T
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2 MB3771 Applications

2.1  Equations for Calculating External Fine-tuning Types
It is possible to externally adjust the VSA detection voltage.

Related data sheet(s): Application Examples-Power Supply Monitor with External Adjust

2.1.1 Equations for Calculating External Fine-tuning Types
Figure 33. Equivalent Circuit for Calculating External Fine-tuning Types
Vce . Vec

97 k
Comp.A
40 k p
0——:
71-7 1.23V
Note: The internal IC resistance is
plus or minus 30 % in absolutea
~Comp.B accuracy and plus or minus 2 %
in relative accuracy
@ 2 (potential capability: 1 %).

In Figure 33 Ra is a combined resistance between the 97 kQ and external R1 resistance; Rg is a combined resistance between
the 40 kQ and external Rz resistance.

Ra = R1x 97 kQ / (Ry + 97 kQ) [Q]
Re = Rz x 40 kQ / (R2 + 40 kQ) [Q]

The detection voltage may be calculated as follows.

Detection voltage Vsa = R43R8 x Vsg V] (At a falling value of Vecc)

Detection voltage Vsan = ar® X (Vss+VHyss) V] (At a rising value of V cc)

The above calculation assumes that the threshold level of comparator B is Vsg equal to 1.230 V (typ.) and that the width of
hysteresis is Yusvys equal to 28 mV (typ.).

If you choose appropriate values of R1 and Rz so that they meet the R1 << 97 k and Rz << 40 k relations, you get simpler
equations for determining the detection voltage.

Detection voltage VsaL = R&XR2 x vsg  [V] (Ata falling value of Vcc)

Detection voltage VsaH = FA2%8 x (Vsp+Vhyse) [V] (At a rising value of Ve )
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*1: Ra becomes the maximum when R; and R' are the maximum.

Note: The minimum of power voltage for the MB3771 is 3.5 V. Therefore, you must set a detection value higher than 3.5
V. The method of external adjustment using either R1 or Rz is not recommended because of poor accuracy in

detection voltage.

Details of Calculating External Fine-tuning Types (calculating maximum value)

Table 1. Details of Calculating External Fine-tuning Types (calculating maximum value)

Parameter Typ. Numerical Values for Maximum Calculation
R1 9.1k 9.191 k (+1 %)
R2 3.3k 3.267 k (-1 %)
Resistance
R’ 97 k 126.1 k (30 %)
R” 40 k 51.2 k (28 %): Relative accuracy of at least 2 %
Ra = R: R *1 8.3195
R2+R'
9.191- 126.1 —
9.191+126.1 ~ 8.5666
Combined resistance — R2 R" *2 3.0485 3.267- 51.2 —
Re R2+R" 3267+512 ~ 3.071C
Ra+Rs *3 3.7290 8.5666-_3.0710 —
= %3070 = 3 7805
Vse (Reference) 1.230V 1.248 V (Standard value)
Reference voltage
Vhyss (Hysteresis) 0.028 V 0.042 V (Standard value)
VsaL 459V 3.7895 x 1.248 = 4.729 V
Detection voltage *4
VsaH 4.69 V 3.7895 x (1.24870.042) = 4.888 V

*2: Rg becomes the minimum when R, and R" are minimum.

*3: (Ra + Rg) / Rg becomes the maximum when Ry is the maximum, and Rg is minimum.

*4: If fluctuations in reference and hysteresis are not considered, the values of Vsa. and Vsai may be calculated as follows.
VsaL = 3.7895 x 1.23=4.66 V
Vsan=3.7895 x (1.23 + 0.028) =4.77 V
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2.2 Monitoring Arbitrary Power Voltage (for Vcc smaller than or equal to 18 V Relationship)

This section describes how to monitor the power voltage in the Vcc smaller than or equal to 18 V range by means of the
MB3771. As the boundary is Vcc = 4.45 V, pin 7 is handled differently in the following method.

Related data sheet (s): Application Examples-Arbitrary Voltage Supply Monitor Case (Vcc smaller than or equal to 18 V)

Monitoring Arbitrary Power Voltage (for Vcc smaller than or equal to 18 V relationship)

Figure 34. Result not Close to the Setting

Comp.D il
=0.25V

7; Vce Vee

Vee
——
[Reset output condition]
cd|R

00[0
)

0
0

=]

o

= [
7L 71-7 Vsp=1.23V

= O ROt

s
1 7T 77 777
1
0

Y =)

Only when outputs from comparators A and B (Comp. A and Comp. B) are both at the L level, the reset will provide an H
output. When monitoring arbitrary power voltage under the Vcc smaller than or equal to 18 V relationship, you should set the
output of Comp. A so that it will always remain at the L level; Comp. B is responsible for monitoring the voltage.

The value of Vsan is required to be 4.45 V (maximum) under the temperature conditions: Ta = - 40°C to + 85°C. At a Vcc value
of at least 4.45 V, Comp. A will always provide an output at the L level, even if temperature fluctuations are taken into account
(this means that at Vcc smaller than or equal to 4.45 V, Comp. A will be ineffective). Therefore, pin 7 can be made open if the
detection voltage is set at 4.45 V or a higher value.

In case the detection voltage is lower than 4.45 V, it is necessary to connect pin 7 to Vcc so that only the output of Comp. B
will be effective (The output of Comp. A may be nullified by setting pin 7 at a value higher than the Vsa voltage).

The detection voltage may be calculated as follows.

Detection voltage = ®2R x Vs [V]

VsB : At a falling value of Vcc 1.23 V (Typ.)
At a rising value of Vcc 1.23 V (Typ.) + 28 mV (Hysteresis equivalent)

Note: The minimum of power voltage for the MB3771 is 3.5 V. Therefore, you must set a detection value higher than
35V.
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2.3 Monitoring Arbitrary Power Voltage (for 5 V constant voltage output)
This section describes how to provide an output of 5 V constant voltage by means of the MB3771.

Related data sheet (s): Application Examples - Arbitrary Voltage Supply Monitor Case (Vcc > 18 V)

Monitoring Arbitrary Power Voltage (for 5V constant voltage output)

Figure 35. Equivalent Circuit for Providing Constant Voltage Output
Vce

Ra V3 R4

MWV QS >—l—< ) AvAvAv

Vo - h Comp.C Voo NComp.C Va
< —k l loutc < 4 O
Rs Rs =

71-7 Vsc = 1.245V

H
Il

®

MWy

717 Vsc = 1,245V
[A] [B]

In Figure 35 [A], comparator C (Comp. C) is used as an operational amplifier to produce a constant voltage output. Because of
an open collector output, the transistor is given an Rs pullup. The output capacitor is used to reduce ripples.

See Figure 35 [B], which shows an equivalent circuit of [A]; it is a constant voltage power circuit (By equivalent, it means that
pin 3 provides an output at the L level when the voltage at pin 2 is higher than Vsc). The relationship between V2, the voltage
at pin 2 and Vs, the voltage at pin 3, is as follows.

Va=Vz x (1+5) [V]

For example, when R4 is 100 kQ and Rs is 100 kQ, Vs is nearly equal to 5 V. The value of Vs is usually used as the power
voltage for the MB3771.

How to Determine R3 (when VCC =140 V)

In Figure 35 [A], the transistors output current loutc is set at a maximum of 6 mA. It is necessary to determine a resistance
value that will prevent the output current from exceeding the maximum value even at a maximum value of Vcc

(140 V —5V) /6 mA = 22.5 [kQ]

Therefore, the value of Rz should be set to at least 22.5 kQ.

Because the maximum of resistance depends on the output current, you should consider load conditions when attempting to
set an optimum value.

When Rs is 110 kQ, for example, the value of a current flowing through R3 is as follows.

(140 V —5V) /110 kQ = 1.2 [mA]

To obtain constant voltage on a stable basis, it is also necessary to set the current flowing out at pin 3 to a value not higher
than 0.2 mA by considering the values of loutc and Icc.
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2.4 Monitoring Power Voltages of 5V and 12 V
This section describes how to monitor the power voltages of 5 V and 12 V by means of the MB3771.

Related data sheet (s): Block Diagram;
Application Examples — 5V and 12 V Power Supply Monitor
Monitoring 12 V Power Voltage
Figure 36. Equivalent Circuit for Monitoring 12 V Power Voltage (when voltage at pin 2 is higher than 1.245 V)

\V/elo¥]

Figure 37. Equivalent Circuit for Monitoring 12 V Power Voltage (when voltage at pin 2 is lower than 1.245 V)

Vcce2

R1

R2 P
Vsc
Rs R4 7I7

When the voltage at pin 2 is higher than 1.245 V, the output of Comp. C in the Diagram data sheet changes to the H level.
Because the internal transistor at pin 3 is turned on, the output at pin 3 changes to the L level. In this case, the external
transistor shown in the Application Examples data sheet is turned off and an equivalent circuit shown in Figure 36 is applicable.

The detection voltage may be expressed by the following equation.
R1+R2+R3

VscL = X Vsc

R2 + R3

When the voltage at pin 2 is lower than 1.245 V, the output of Comp. C in the Diagram data sheet changes to the L level.
Because the internal transistor at pin 3 is turned off, the output at pin 3 changes to the H level. In this case, the external
transistor shown in the Application Examples data sheet is turned on and an equivalent circuit shown in Figure 37 is applicable.

The detection voltage may be expressed by the following equation.
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R:+ R2+ Rz // Ra
VscH = X Vsc
R> + Rz // R4

The hysteresis width Viysc may be expressed by the following equation.

VHysc = VscH - VscL

R4 (R3 - Rs // Ra)

= x Vsc
(R1+ R2) (R2 + Rs // R4)

Monitoring 5 V Power Voltage
Comp. A is responsible for monitoring the 5 V power voltage.
Figure 38. Equivalent Circuit for Monitoring 5 V Power Voltage

e Comp.A
RESET To

2.5 Monitoring Power Voltage with Delayed Trigger
This section describes how to monitor the power voltage with a delayed trigger by means of the MB3771.

Related data sheet(s): Application Examples - Power Supply Monitor with Delayed Trigger

Monitoring Power Voltage with Delayed Trigger
Figure 39. Equivalent Circuit for Monitoring Power Voltage with Delayed Trigger

Ve

Ve 100 k Comp.A

Ci ' 40 K Il.z4v

+—Q
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Figure 40. Change in Voltage Level at Pin 7

Comparator
input level
Ve (V)

1.43

1.24

1.14

TP Timet —

When the value of Vcc changes from 5 V to 4 V, a part of the charge stored in capacitor C is discharged to GND through the
40 kQ resistor (refer to Figure 39).

The voltage level at pin 7 changes as shown in Figure 40. The detection time TPl may be determined by equation (b).

It is possible to calculate the comparators input voltage VVC from equation (a).

=(—d0k ___40k piraokcl, 40k
Ve=(Took+40k  *°V- T100k+a0k < AVIxE” + ook eaok ¥4V @
Using equation (a), TPl may be expressed as follows.
| Tpi [us] =4 x 102 x C1 - (b) ‘
[Example]

When C1 is 1000 pF, TPl is equal to 40 ps.

Tip: Measurements of detection time TPI are plotted below. It should be noted that these are for reference only; they
are not guaranteed values. (Potentially, the diffused resistor has a fluctuation of plus or minus 20 % and the
reference voltage has a fluctuation of plus or minus 5 %; therefore, it is necessary to allow TPI a fluctuation of
plus or minus 30 % in addition to the C1 fluctuation).
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Figure 41. Measurements of Detection Time TPI (reference only)
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2.6 Monitoring Negative Power Supply
This section describes how to monitor the negative power supply by means of the MB3771.

Related data sheet(s): Application Examples - 5V and Arbitrary Negative Voltage Monitor

Monitoring Negative Power Supply

Figure 42. Equivalent Circuit for Monitoring Negative Power Supply [1]
Vce

® h Comp.C = ® \Comp.C Vo
R4 r l loutc Ra +
Vsc Vsc
7I7 777 7I7

(Al (B]

}T
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Figure 43. Equivalent Circuit for Monitoring Negative Power Supply [2]

R3
MW\
VEE
o _ Comp.C Vo
R4 +
Comp.B

)“

To internal circuit

R2

71-7 VsB

In Figure 42 [A], Comp. C is used as an operational amplifier. Because of an open collector output, the transistor is given an
Rs pull-up. The output capacitor is used to reduce ripples.

See Figure 42 [B], which shows an equivalent circuit of [A]; it is a reverse amplifier circuit. Using Vsc as the threshold voltage
of Comp. C and Vs. as the detection value for the negative power supply Veg, the output Vo (voltage at pin 3) of Comp. C may
be expressed by the following equation.

A (VsL- Vso)
Vo =Vsc- —r,  *R3 V] ---(a)

As shown in Figure 43, R1 and Rz are used to divide the Vo voltage and the resulting values are detected by Comp. B. Using
Vsg as the threshold voltage of Comp. B, Vo may be expressed as follows.

_Ri+R
Vo=S52 52 x Vsa [V] ---(b)

Let's assume that R1 = R2 = Rz and that Vsg is nearly equal to Vsc. From equations (a) and (b), VsL may be expressed as
follows.

Vst =Vse(l- Ra/R3) [V]

VsB : At a falling value of Vcc 1.23V
At a rising value of Vcc 1.23 V + 28 mV

[Example]

Let's use the following conditions: R1 = R2 = R3 = 20 kQ; R4 = 183 kQ; and Vsg = 1.23 V. In this case, the detection
voltage Vs is equal to -10 V.

2.7 Generating Reference Voltage and Monitoring Voltage Drops [1]
This section describes how to generate reference voltage and monitor voltage drops by means of the MB3771.

Related data sheet (s): Application Examples - Reference Voltage Generation and Voltage Sagging Detection - 9V
Reference Voltage Generation and 5V/9V Monitoring.

Application Examples - Reference Voltage Generation and Voltage Sagging Detection - 5V
Reference Voltage Generation and 5V Monitoring.
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2.7.1 Generating 9 V and Monitoring 5 V/9 V

Figure 44. Equivalent Circuit for Reference Voltage Generation and Voltage Drop Detection [1] (generating 9 V and
monitoring 5V /9 V)

15V 15V

Vi

Vi &) NComp. C Va2
¥ O

Ra
j 7I7 Vsc = 1.245V

[Al [B]

Figure 45. Equivalent Circuit for Reference Voltage Generation and Voltage Drop Detection [2] (generating 9 V and
monitoring 5V / 9 V)

Rs3
AW

Vi 4 5 : Comp. C Va
. Comp. B
71-7 Vsc R1
Ra R2
7I7 VsB

In Figure 44 [A], Comp. C is used as an operational amplifier to produce a constant voltage output. Because of an open
collector output, the transistor (Q1) at pin 3 is given an Rs pull-up.

To internal circuit

The external capacitor at pin 3 is used to reduce ripples.
loutc is specified up to 6 mA. Therefore, Rs should be set to higher than 25 kQ resistor under 15 V/6 mA condition.

See Figure 44 [B], which shows a simpler equivalent circuit of [A]; it is a low voltage power circuit. Using V1 as the voltage at
pin 2 and V2 as the output voltage, the following equation applies.

V2=Vi+(1+ Rs/Ra)[V]

[Example]

Let’s use the following conditions: Rz = 7.5 kQ; Ra = 1.2 kQ; and Vsc = 1.245 V. Because Vzis nearly equal to 9 V, the value of
V2 gives a 9 V output.

See Figure 44, in which Comp. B is used to detect divided voltage of the V2 output from the constant voltage power circuit
shown in Figure 44 [B]. The detection voltage V2s. for V2 may be expressed as follows.

VasL = (R1+R2) * Vse / R2 [V]
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[Example]
When R1 =300 kQ and Rz = 60 kQ, VzsL is nearly equal to 7.2 V.

Regarding the Output Current

The voltage at pin 3 is equal to the sum of the V2 voltage and the Vee voltage at Q2: that is, 9 V + 0.7 V (assumed value).
Therefore, it is nearly equal to 9.7 V. As a result, the voltage drop by Rs is as follows.

15V-9.7V =53 V]

The current flowing through Rs (= 3 kQ) is equal to 1.7 mA by calculating 5.3 V / 3 kQ. Therefore, the current available from V2
may be calculated as follows.

Output current from V2 = Base current IB at Q2 Qznre V2 / (R3+ R4) - V2 / (R1 + R2)
Assuming that the value of hre at Q2 is nearly equal to 100, the output current from V2 may be calculated as follows.
Output current from V2= 1.76 mA - 100 -9 V /(8.7 kQ) — 9V / (62.3 kQ) = 175 [mA]

Note: For the sake of stable supply, the output current from V2 should be up to 50 mA by considering fluctuations of the
external transistor Q2.

2.7.2 Generating 5V and Monitoring 5V (No. 1)

If you give the Rs = 3.6 kQ and R4 = 3.6 kQ relationships to the explanation under the item, "2.7.1 Generating 9 V and
monitoring 5 V /9 V", you find that V2 is a 5 V output.

Note: For the sake of stable supply, the output curérent from V2 should be up to 50 mA by considering fluctuations of the
external transistor Q2

2.8 Generating Reference Voltage and Monitoring Voltage Drops [2]
This section describes how to generate reference voltage and monitor voltage drops by means of the MB3771.

Related data sheet (s): Application Examples - Reference Voltage Generation and Voltage Sagging Detection 5 V
Reference Voltage Generation and 5 V Monitoring (No. 2)

Application Examples - Reference Voltage Generation and Voltage Sagging Detection - 1.245 V
Reference Voltage Generation and 5 V Monitoring
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2.8.1 Generating 5V and Monitoring 5V (No. 2)

Figure 46. Equivalent Circuit for Reference Voltage Generation and Voltage Drop Detection [1] (generating 5 V and
monitoring 5 V)

Vcce

R2 Vo
AV GJ l O

i i

Figure 47. Equivalent Circuit for Reference Voltage Generation and Voltage Drop Detection [2] (generating 1.245 V
and monitoring 5 V)

Vec =5V

R1

i

In Figure 46, Comp. C is used as an operational amplifier to produce the constant voltage output. Because of the open
collector output, the transistor (Q1) at pin 3 is given an R1 pull-up. The output capacitor is used to reduce ripples. Using V2 as
the voltage at pin 2 and Vo as the output voltage, the following equation applies.

Vo=V2+(1+ R2/R3)[V]

Let's use the following conditions: Rz = 100 kQ; Rs = 33 kQ; and Vsc = 1.245 V. Because Vsc is nearly equal to V2, the value of
V2 is nearly equal to 5 V.

[Example]

The value of loutc is up to 6 mA according to the standard. When Vcc = 40 V, the value of R1 is as follows.

R12 (40 V-5 V) /6 mA = 5.8 [KQ]

Taking the margin into consideration, use R1 = 11 kQ, the output current | is as follows.

|=(40V=5V)/6kQ=3.2[mA]
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For the sake of stable supply, the output current should meet the | < 1.6 mA relationship.

2.8.2 Generating 1.245 V and Monitoring 5V
See Figure 47, which shows a voltage follower circuit. In this case, output Vo is equal to Vsc.

[Example]
The value of loutc is up to 6 mA according to the standard. When Vcc =5V, the value of R1 is as follows.

Note: See the data sheet: Application Examples - Reference Voltage Generation and Voltage Sagging Detection - 1.245 V
Reference Voltage Generation and 5 V Monitoring. The 0.47 pF capacitor at pin 3 in the data sheet is intended to
reduce ripples. Depending on the system, you should modify the capacitance.

2.9 Detecting Low Voltage and Excess Voltage
This section describes how to detect any low voltage or excess voltage by means of the MB3771.

Related data sheet (s): Application Examples - Detecting Low Voltage and Excess Voltage (Vcc =5 V)

Detecting Low Voltage and Excess Voltage
Figure 48. Equivalent Circuit for Detecting Low Voltage and Excess Voltage

Vce Detecting Vst Rad VsL = Vsg
/ Ri1+ R2
R1
\Comp. B
AN

+

R> Vsg =1.23V
71-7 @—r To internal circuit

R4
Detecting Vsi R, 3 R, x VsH = Vsc

Vce

Vsc =1.245V

T

R1 and Rz are used to determine the value of Vs.. Rz and R4 are used to determine the value of Vsh.
Comp. C has no hysteresis characteristics so that no hysteresis is given to Vsp.

When outputs from Comp. A and Comp. B are both at the L level, the reset will provide an H output. This assumes the VsL <
Vce < Vsh relationship.

When Vcc exceeds the value of Vsu, Comp. C turns on the transistor at pin 3, reduces the voltage at pin 7 to a value close to
GND, reverses the output of Comp. A, and changes the reset to the L level. If Vcc is not higher than the value Vsh, the
transistor at pin 3 is off, so that pin 7 is essentially open. At a rising value of Vcc, therefore, you should take care when making
the value of Vsi lower than Vcc (4.2V typically), which is detected by the 100 kQ and 40 kQ resistors.
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2.10 Reset Output

This section describes how to determine the timing for rest output, as well as related fluctuations.
Reset Output

Figure 49. Equivalent Circuit for Internal Reset
Vce

— = Internal reference voltage
l let .
——O RESET
% C

~Comp. C
S
g "
7I7 777
The width (TPO) of the RESET output pulse may be determined as follows.
Tpo=Cr - Viller

You can get the following equation if you use typical values: that is, the threshold value (V1) is nearly equal to 1.24 V and the
charging current (Ict) at Cr is nearly equal to 1.2 pA.

Tpo [ms] =100 - Cr [uF]

Assuming that the value of Cr is constant, it is possible to determine the fluctuations of Teo from the charging/discharging
current lct and threshold voltage Vi. Fluctuations in charging/discharging current are dependent mainly on fluctuations in the
diffused resistance R inside the IC and fluctuations in reference voltage, as well as errors in the hfe value of the transistors
comprising the current mirror.

Meanwhile, fluctuations in threshold voltage are dependent mainly on fluctuations in resistance and reference voltage.
Generally speaking, fluctuations in TC resistance are plus or minus 20 % (or 30 %) when Ta = 25 °C; they are plus or minus
40 % when Ta is between minus 40 °C and plus 85 °C. The relative error of the transistor's hfe is approximately plus or minus
10 %. For the MB3771, fluctuations in reference voltage are plus or minus 1.6 % when Ta = 25 °C; they are approximately
plus or minus 3.2 % when Ta is between minus 40 °C and plus 85 °C.

Assuming that the value of Cr is constant, the values of Tpo may be determined as follows.
Tpo (Min.) [ms] = (100 - 0.5) - Cr [uF]
Tpo (Mmax.) [ms] = (100 - 1.5) - Cr [uF]

If the value of Ct has a fluctuation of plus or minus 20 %, the values of Tpo are as follows.
Tpo (min.) [ms] = (100 - 0.5) - (Ct - 0.8) [uF]
Tpo (max.) [ms] = (100 - 1.5) - (Ct - 1.2) [uF]
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Note: If the value of Cr is decreased to reduce the time setting, it will be impossible to neglect the delay time (approximately 2
ps) occurring inside the IC. You should choose an appropriate Ct value that will involve no influence on delay time.

2.11 Handling Unused Terminals
How to handle unused terminals in the MB3771 is summarized in Table 2.

Handling Unused Terminals

Table 2. Handling Unused Terminals in the MB3771

Terminal Name Description
Cy terminal OPEN
Vsc terminal GND
OUTc terminal OPEN
Vsa / RESIN terminal Vee
Vsa terminal OPEN
RESET terminal OPEN

2.12 Q&A Set Regarding the MB3771
This section provides a set of questions and answers regarding the MB3771.

Q&A Set Regarding the MB3771

Q&A Set Regarding the MB3771

Q1 Without Vcc input, voltage is sometimes found to be Al
applied to the Vsg or Vsc terminal. Does this cause
the IC to malfunction?

The Vsg and Vsc terminals have nothing to with the
power voltage. The maximum rating is between
minus 0.3 V and plus 20 V. Applying voltage of up to
20 V will not cause a malfunction or destroy the IC.
In the case of Vs, however, applying a voltage
higher than the value of V¢ plus 0.3 V or a voltage
of 20 V or more would eventually destroy the unit.

Q2 Without V¢ input, voltage is sometimes found to be A2
applied to the OUT. terminal. Does this cause the IC
to malfunction?

The withstand voltage is up to 18 V, although there
is no specific standard.

Q3 The maximum value of Igeser is 20 mA according to A3
the standard, but any surge current will temporarily
cause a current of 20 mA or more. Does this cause
the IC to malfunction?

The potential capability is approximately twice the
recommended operating conditions. No momentary
short-circuit will cause any destruction or similar
problem. There is no standard or guarantee
regarding the current value and time constant.

The electrical characteristics for Igeser State as
follows: "When the RESET terminal encounters a

Q4 | have no information concerning the definition of an A4
output sink current. | am wondering why the

electrical characteristics include 20 mA (min.) and 40
mA (typ.), although Igeser is specified as 20 mA
(max.) in the recommended operating conditions.
The same is true of loyrc. Why is it 15 mA (typ.) in
the electrical characteristics against 6 mA (max.)
under the recommended operating conditions?

short of a 1 V power supply, the value of a resulting
current is typically 40 mA." By contrast, the
recommended operating conditions allow a current
of up to 20 mA on a constant basis. If the maximum
value is exceeded, problems in reliability and/or
other characteristics will result. The same is
applicable to Tourc.
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Q&A Set Regarding the MB3771

Q5 Input current |, 5 is probably a current that begins to A5
flow out at the IC when 0 V is applied to the Vsg
terminal. If so, why does the standard specify an

The table below is the standard for flowing out. You
should consider as follows.

inflow of 20 nA (typ.)? Likewise, why does the Symbol | Minimum | Typical | Maximum | Unit
Ista’r)ldard specify an inflow of 50 nA (typ.) regarding s 250 20 } nA
ILC?
|||_c -500 -50 - nA
Q6 What is the output delay time for Vsa? A6 AS with Vsg, the delay time is 2 ps (typ.) and 10 ps
(max.).
Q7 When Vcc falls below 0.8 V, what is the output? And A7 At a Vcc value of 3.5 V or less, what is guaranteed is

how does the IC work internally?

only the L output for the reset. Nobody knows how
the IC operates internally. The L output for the reset
guarantees a Vcc value of up to 1.2 V. At a Vcc value
of 1.2 V or less, the RESET terminal is state of high
impedance, and the output voltage becomes
undefined. However, the voltage at the RESET
terminal is nearly equal to Vcc in the experiment on
the undermentioned circuit chart when Ve = 0.8 V
(typ.); the conditions are shown below. Also refer to
the data sheet: Standard Characteristic Curves -

Output (RESET) Voltage vs. Power Voltage.

RESET
*
® vee
GND
L.
777 777 71-7

Vccer: Itis the value of Vcc available when the *
portion in the diagram has reached 0.4 V.

Q8 At a power voltage of 0 V, what is the status of the A8
RESET terminal?

At a power voltage of O V, the RESET terminal
provides a voltage of 0 V, which is high impedance.
Until the value of Vcc goes up to approximately 0.8 V
(1.2 mA maximum), the voltage at the RESET
terminal also increases (because the internal
transistor fails to be turned on if the value of V¢ is
too low).

Q9 What is the standard about the L output level for the A9
RESET terminal?

It is Vo Refer to the data sheet: Standard

Characteristic Curves - Output (RESET) Voltage vs.
Output Current (Voir - IreseT)-

Q10 How do you measure the output delay time (tPD)? A10
What is its potential value?

You can measure the delay in reset output while
turning on and off pin 6 by referring to the data
sheet: Application Examples - Using Forced Reset.
The potential value ranges from minus 50 % to
100 % (from 1 ps to 4 ps).

Q11 What is the behavior of tpo in the data sheet: All
Application Examples - Using Forced Reset?

The same time output of tpo is produced either when
the power supply is turned on or when there is a
forced reset (using Vsg terminal). Teo [MS] = Cr [us]
x 102
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Q&A Set Regarding the MB3771

Q12 How is the reset output in the data sheet: Application A12 Pin 8 operates the same way as mentioned in the
Examples - Non-reverse Reset Output? data sheet's Basic Operation. Pin 3 provides a
reverse output against Pin 8.

Vireser

Voo (V)
42 43

10k 2 1 J

11
I
o1 o ~ ©

77T

Q13 How is the delay time when you use the Non-reverse A13 It is the sum of the delay time in Comp. A and the
Reset Output? delay time in Comp. C.

Q14 Is it possible to monitor another power supply whose Al4 It is not possible to monitor any power supply not
GND is isolated from the MB3771? sharing GND, because the MB3771 monitors the
comparator input voltage with respect to its own
GND.

Q15 Why is the detection voltage set at 4.2 V? A15 Most  microcomputers  involve  recommended
operating conditions including a power voltage of 5 V
plus and minus 10 %. Because no reset output
should be produced at 4.5 V, the upper limit of Vsay
must be not higher than 4.5 V. Our value setting was
made by giving some allowance to the above value
and by assuming that a microcomputer itself will
potentially withstand 4.2 V. You should use an
external resistor that meets the system
requirements.
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Q&A Set Regarding the MB3771

When used alone, ICs will work normally. When they
are assembled into a system, however, the RESET
terminal will remain at the L level (or show an
unstable operation). What are probable causes? And
how can you remove them?

Al6

1. Because the reset terminal on the system side
has a low impedance, there may be an excess pull
against the current. Also refer to the data sheet:
Standard Characteristic Curves - Output (RESET)
Voltage vs. Output Current (Voin-lown). If this occurs,
you can remove the problem by giving a resistor pull-
up to the RESET terminal. The resistance is
determined by the potential current of the reset
output transistor. You should choose a resistance
level that will prevent the maximum current from
exceeding 20 mA.

2. Additionally, there may have been a malfunction
under the influence of power noise resulting from
microcomputers or other components. In this case,
you can reduce the noise-caused momentary
voltage drop by either taking the delay trigger
method or inserting a bypath capacitor
(approximately 0.1 pF) between the IC's power
terminals.

Q17

What will happen if you apply a voltage equal to or
higher than Vcc to Vsa?

Al7

At the Vsa terminal, a resistor is used to divide the
Vcc voltage. In case the resistor receives any
voltage equal to or higher than Vcc, the separated
conjunction will degrade, resulting in a forward
current flowing to Vcec. Remember that this will
eventually cause an IC malfunction.

VookxV This portion gets destroyed first.

—W—
P p P

| Iso /# N —I‘:‘ Iso
\ / P I SLb GND level

Parasitic diode

N

Parasitic transistor
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2.13 Equivalent Circuits for MB3771 Input / Output Unit
The following are equivalent circuits for the MB3771 input/output unit.

Equivalent Circuits for MB3771 Input / Output Unit

<Cr terminal> <Vsc terminal>
Vec Vec

777 777
<OUTc terminal> <Vsg / RESIN terminal>
@— Vee
To internal circuit
@
777
<Vsa terminal> <RESET>
Vee Vec
—®
P @
> K
777 i
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Note: A circuit having current symbols is a constant current circuit of the current mirror type using PNP transistors, as shown
below.

=

-

JuUa1ind adualiajay

3 MB3773 Applications

3.1 Equations for Calculating External Fine-tuning Types
It is possible to externally adjust the VSA detection voltage.

Related data sheet(s): Application Examples - Power Supply Monitor with External Adjustment

Equations for Calculating External Fine-tuning Types

Figure 50. Equivalent Circuit for Calculating External Fine-tuning Types

2 o
J,

Vcc

Comp. S

7k

R2
Note: The internal IC resistance is
1.24V plus or minus 30 % in absolute
accuracy and plus or minus 2 %
in relative accuracy
(potential capability: 1 %).

Fab—

In Figure 50, Ra is a combined resistance between the 97 kQ and external R: resistance; Re is a combined resistance
between the 40 kQ and external Rz resistance.

Ra=R1 - 97 kQ / (R1+ 97 kQ) [Q]
Re = Rz - 40 kQ / (R2+ 40 kQ) [Q]

The detection voltage may be calculated as follows.
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(At a falling
. . RA+RB X
Detection voltage Vs = “g&~ X Vs V] value of Vco)
(Ata risin
Detection voltage Vsi = 4558 x (Vs +Vhys)  [V] value ofch)

The above calculation assumes that the threshold level of comparator S is Vs = 1.23 V (typ.) and that the width of hysteresis is
Vhys =28 mV (typ.).

If you choose appropriate values of R1 and Rz so that they meet the R1 << 97 kQ and Rz << 40 kQ relations, you get simpler
equations for determining the detection voltage.

Detection voltage Vst = 228 x Vs [V] (Ata falling
value of Vcc)
Detectionvoltage VsH = % X (Vs+VHys) V] (At a rising

value of Vcc)

Note: The minimum of power voltage for the MB3773 is 3.5 V. Therefore, the detection voltage you are setting must be higher
than 3.5 V. The method of external adjustment using either R1 or Rz is not recommended because of poor accuracy in
detection voltage.

3.2 Monitoring Power Voltage with Delayed Trigger
This section describes how to monitor the power voltage with a delayed trigger by means of the MB3773.

Related data sheet(s): Application Examples - Power Supply Monitor with Delayed Trigger

Monitoring Power Voltage with Delayed Trigger
Figure 51. Equivalent Circuit for Monitoring Power Voltage with Delayed Trigger

Vcc

97 k Comp.S

Ci i 40 k 71:1.245V

+—Q
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Figure 52. Change in Voltage Level at Pin 7

Comparator 1
input level
V) T

1.45 \Vcc 5V
4V

1.245 - K

1.17

Tpi Timet —

When the value of Vcc changes from 5 V to 4 V, part of the charge stored in capacitor C is discharged to GND through the 40
kQ resistor (refer to Figure 51).

The voltage level at pin 7 changes as shown in Figure 52. The detection time TPl may be determined by the following equation.

[Example]

TPI [us]= 5 * 10-2 * C1 [pF]

When C1 = 1000 pF, Tei is equal to 50 pus.

Tip: Measurements of detection time Tp are plotted below. It should be noted that these are for reference only; they are not

guaranteed values.

Figure 53. Measurements of Detection Time Tri (reference only)

140 ]
Ta=25°C _|
120
100 /'/
/
Tr /
80
[hs] )
)4
60
y 4
/
40 /.
4
//
20 /
4
/
0 1000 2000 3000
GilpF]
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3.3 Equations for Calculating Timing Setting and Related Fluctuations
This section describes how to determine the timing for power-rising reset hold time (Ter), watch-dog timer monitor time (Twp),
and watch-dog timer reset time (Twr), as well as related fluctuations.

Equations for Calculating Timing Setting and Related Fluctuations
Figure 54. Equivalent Circuit for Internal Reset
Vcc Vcce

— = Internal reference
voltage
|CTU [
s————O RESET

~Comp. O

lcTuw

/_

lctp

e\
|
7

Cr 0.40r 1.4V
; 7I7 777

The values of Ter, Twp, and Twr may be determined by the following equations.
Ter=CrxV1/lcrtu
Two =Crx(Vi- V2)/lcto
Twr =Crx(Vi- V2) [lctuw

If you use typical values shown in, you can get the following equations.
Ter [Mms] = 1000x Cr [UF]
Two[ms] = 100% Cr [UF]
Twr[ms] = 20 x Cr [UF]

Table 3. Typical Values

Parameter Typical Value
Rising threshold voltage V=14V
Falling threshold voltage V,=04V
Power-ON reset charging current lcru = 1.2 A
Watch-dog timer discharging current lctp = 10 A
Watch-dog timer charging current lctuw = 50 PA
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Assuming that the value of Cr is constant, it is possible to determine the fluctuations of Ter, Twp, and Two from the
charging/discharging currents Ictu, Ictp, and Ictuw and the threshold voltage Vi1 and V. Fluctuations in charging/discharging
current are primarily dependent on fluctuations in the diffused resistance R inside the IC and fluctuations in reference voltage,
as well as errors in the hfe value of the transistors comprising the current mirror.

Meanwhile, fluctuations in threshold voltage are dependent mainly on fluctuations in resistance and reference voltage.

Generally speaking, fluctuations in IC resistance are plus or minus 20 % (or 30 %) when Ta = 25 °C; they are plus or minus
40 % when Ta is between minus 40 °C and plus 85 °C. The relative error of the transistor's hfe is approximately plus or minus
10 %. For the MB3773, fluctuations in reference voltage are plus or minus 1.5 % when Ta = 25 °C; they are approximately
plus or minus 2.5 % when Ta is between minus 40 °C and plus 85 °C.

If the value of Ct has a fluctuation of plus or minus 20 %, the values of Tpr are as follows.
Ter (Min.) [ms] = (1000 x0.5) x (Crx0.8) [UF]
Ter (Max.) [Mms] = (1000 x1.5) x (Crx1.2) [ uF]

The values of TWD and TWR may be determined in the same way.

Note: If the value of Cr is decreased to reduce the time setting, it will be impossible to neglect the delay time (approximately 2
us) occurring inside the IC. You should choose an appropriate Ct value that will involve no influence on delay time.

3.4 Configuration of CK Input Circuit Unit
This section describes how the CK input circuit unit of the MB3773 is configured.

Configuration of CK Input Circuit Unit

Figure 55 shows an equivalent circuit for detecting the falling edge in the CK signal input unit. The circuit is designed to detect
the falling edge of the CK signal and transmit its pulse.

The standard value for the CK input pulse width Tckw is at least 3 ps.

Figure 55. Equivalent Circuit for Detecting Falling Edge in CK Signal Input Unit

Comparator

CK terminal @——-
Delay circuit

s A B

71-7 Vs=1.23V
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Figure 56. Equivalent Circuit for Detecting Falling Edge in CK Signal Input Unit (waveforms)

CK terminal 4

Wafeform at point A

Wafeform at point B

Wafeform at point C

Tekw

3.5 How the Watch-dog Timer Works
This section describes how the MB3773 watch-dog timer works.

How the Watch-dog Timer Works

See Figure 57, which shows an equivalent circuit for the watch-dog timer.

Pulse
generator

Figure 57. Equivalent Circuit for Watch-dog Timer

Vce

lectuw=5x%lcto

CKW

c

leTuw

0%

g Comp. O
| 3 e N
lcto * h

; Cr 7I7 0.4o0r14V

Vce

o

¢—— ® RESET
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The watch-dog timer works in the following sequence.

1. When the clock input pulse changes its level from H to L, the Q output from the flipflop at point ¢ changes its level from L
to H. In turn, this turns on the upper switch and turns off the lower switch. A current, lctuw, begins to flow, thus charging
the Cr element.

2. When the voltage (Cr voltage) at point e reaches 1.4 V, the level at point f changes to L. In turn, this turns on the lower
switch and turns off the upper switch. A current, Ictp, begins to flow, thus charging the Ct element.

3. Suppose that there is no input of clock pulses for a specified period of time. If the Ct element continues discharging until
the voltage at point e lowers to 0.4 V, the level at point e changes to L, thus charging the Ct element. At this point, Comp.
C produces an H output at point h, so that the level at RESET changes to L.

4. When the charging current lctuw causes the voltage at point e to rise to 1.4 V or more, the level at point h changes to L,

thus canceling the reset.

A timing chart for the watch-dog timer is shown in Figure 58.

Figure 58. Timing Chart for Watch-dog Timer

Output from the pulse generator due to the microcomputer's CK signal

a
b J
c
d
Discharged by Icto
. f

f

0.4V Charged by lctow

e

Two i Twr
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3.6 How to Stop Watch-dog Timer
This section describes how to stop the MB3773 watch-dog timer.

Related data sheet(s): Application Examples - How to Stop Watch-dog Timer

How to Stop the Watch-dog Timer
Figure 59. How to Stop Watch-dog Timer (using NPN trasistors)

© Vcc(5V)
CPU and logic system
) Vcce
L 1 8 RESET
2 7 RESET
a
3 6 CK
4 5 la c —] HALT
f GND
d [}

Rz R1§ b R1=1MQ
L Rz =1kQ

CT:|:

il

See Figure 59. When the HALT output from the logic system changes its level to H, the watch-dog timer stops operating.

Let's suppose that the value of Vrer at point a is nearly equal to 1.24 V and that the logic output at point b is nearly equal to 5
V. When the voltage at point b reaches 5 V, the transistor is turned on, causing a flow of charging current Ic.

In response to the charging current Ic, the Cr level at point e increases (let's use the following assumption: the value of Ic is by
far higher than the value of lctp, which is nearly equal to 10 pA). As point e rises, point d also rises and continues rising until
the Vce of the transistor becomes saturated.

Assuming that the value of Vce is nearly equal to 0.1 V, the voltage at point a is nearly equal to 1.24 V. The voltage at point d
may be determined as follows.

(Voltage at point d) = (Voltage at point @) - Vce = 1.4 V
When this value is reached, the Ic increase stops, eliminating the R2-based voltage drop.

Under normal conditions, when there are no more clocks sent from the microcomputer, the voltage at point e reduces its level
gradually and a reset output occurs when the e smaller than or equal to 0.4 V relationship is met. When HALT changes to the
H level, the watch-dog timer stops operating because the voltage at point e is maintained at approximately 1.14 V.

3.7 Cautions Regarding Watch-dog Timer Stop Circuit [1]

Different possible circuits for stopping the watch-dog timer are available as shown in the data sheet (Diagrams a through d).
You can choose the one most appropriate to your system conditions.

Related data sheet(s): Application Examples - How to Stop Watch-dog Timer
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3.7.1 Cautions Regarding Watch-dog Timer Stop Circuit [1]
Circuit Examples: Diagrams a and b in the Data Sheet

When you use Diagram a or b, be sure to keep the watch-dog timer operating as long as the power-ON reset has been applied
because of a power rise or momentary voltage drop.

Diagrams a and b provide sample circuits applicable only under the system requirement: "at the time of a power-ON reset, the
HALT will produce no watch-dog timer stop signals.” If the HALT provides an input of watch-dog timer stop signals at the time
of a power-ON reset, the level at the CT terminal will be set to a value equal to or lower than Vrer (1.24 V) before the level
reaches the reset cancel voltage (1.4 V). (For details, see section 1.8 "Cautions Regarding Watch-dog Timer Stop Circuit [2]".)

Circuit Examples: Diagrams c and d in the Data Sheet

Diagrams ¢ and d provide sample circuits that contain two-input NAND elements to eliminate the need for the considerations
of Diagrams a and b.

See Diagram c. At the time of a power-ON reset, even if the HALT provides an output of watchdog timer stop signals at the H
level, the other terminal of the NAND element receives an input at the L level until the power-ON reset is terminated. Therefore,
the Cr terminal will never be set at any level lower than the value of Vrer. When using this circuit, you don't need to worry
about the timing conditions for the power-ON reset and watch-dog timer.

3.8 Cautions Regarding Watch-dog Timer Stop Circuit [2]

Different possible circuits for stopping the watch-dog timer are available as shown in the data sheet (Diagrams a through d). If
you only want to monitor voltage by stopping the watch-dog timer, you can choose the most appropriate one.

Related data sheet(s): Application Examples - How to Stop Watch-dog Timer

3.8.1 Cautions Regarding Watch-dog Timer Stop Circuit [2]

See Diagrams a and b as sample circuits in the data sheet. It appears that the Figure 60 circuit will operate in the absence of
transistors. In reality, however, it is impossible to normally detect the voltage without using switch control.

Figure 60. Sample Circuit Failing to Detect Voltage

o Vcc
MB3773
1 8 RESET
7
6
5 1
R2=1k
oMo
L o SW (switch)
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What Takes Place from the Circuit Figure 60

1.
2.

When the Vcc voltage is increased with the switch turned on, the RESET terminal will remain at the L level.

At a power voltage of 5 V, when the switch is turned on, the watch-dog timer stops. Under this condition, if the value of
Vcc lowers, the RESET terminal provides an output at the L level; however, the RESET terminal will remain at the L level
even if Vcc recovers itself.

Reasons for What Takes Place from the Figure 60 Circuit

The above phenomena can be attributed to the following:

1.

n

w

See the diagram of an actual circuit shown in Figure 61. The IC at pin 1 contains a resistor (r). When the internal transistor
at pin 1 is turned on, the Ct terminal provides a voltage value (0.8 V according to a sample), which is produced from the
reference voltage (nearly equal to 1.24 V) through the external resistor (Rz) and the internal resistor (r) at pin 1. Because
pin 8 provides no output at the H level unless the voltage at point a reaches 1.4 V, the L level will remain as long as the
transistor is on.

See Figure 62, which shows the timing of internal operation available when the value of Vcc is reduced with the switch
turned on. Usually, the internal transistor at pin 1 is turned on when Vcc is not higher than Vsi; it is turned off when Vcc is
not lower than Vsu. However, the flipflop will provide no reset input unless the voltage at pin 1 (voltage at the Cr terminal)
is equal to or lower than 0.25 V. Therefore, the internal transistor at pin 1 will remain on even after Vcc reaches Vsn. (For
details of the timing applicable when Vcc is reduced with the switch turned on, see section 3.9 “Operations of Comparator
and Latch”.)

From "1." and "2." above, switch control is necessary when you use the Figure 60 circuit. Be sure that the transistor is
turned off when Vcc is not higher than Vsi; it is turned on when Vcc is not lower than Vsh.

Figure 61. Actual Circuit
Vce Vce

e
co—:cD_ R Q f 777

s 124V
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Figure 62. What Takes Place Internally when Vcc is Reduced with Switch On

Vece Vsl N ~ VsH

Cc

d 3
3 L

: |
3 L

f

Vref :

9 Measurement of partial pressure
! =0.8V

h

3.9 Operations of Comparator and Latch
This section describes the operations of the comparator (Comp.) and latch.

Operations of Comparator and Latch

Figure 63 shows the operations timing of the comparator and latch (For the circuit chart, see Figure 61).
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P 0w DN PR

Figure 63. Operations Timing of Comparator and Latch

{

The transistor at point f is turned on and VCC recovers
itself immediately before the CT element completes discharging.

Momentary voltage drop

(Reset) AR

ck

Extended range Extended range

As the power voltage drop, Cr begins discharging.
The latch is reversed when the Cr voltage becomes lower than the V1 (nearly equal to 0.25 V) of the internal comparator.
As aresult of "2.", Ct is switched to charging (in the case of a momentary voltage drop as shown in Figure 63).

Comp. R and the latch operate the following way. Even in situations where Vcc recovers itself before Cr completes full
discharging, the discharge process will continue until the Cr level reaches Vtu (nearly equal to 0.25 V). Due to this
operation, it is possible to maintain a required value for the tPR time even when the power supply encounters a
momentary voltage drop.
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3.10 Power Drop in Resetting Watch-dog Timer

If there is a power drop while the reset for the watch-dog timer is effective, the reset output provides the hold time as shown in
this section.

Power Drop in Resetting Watch-dog Timer

Vcc 4.2V

CK

CT

Reset

3.11 Handling Unused Terminals
How to handle unused terminals in the MB3773 is summarized in.

Handling Unused Terminals
Table 4. Handling Unused Terminals in the MB3773

Terminal Name Description
Cy terminal OPEN
RESET terminal OPEN
CK terminal OPEN
Vrer terminal OPEN
Vs terminal OPEN
RESET terminal OPEN
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3.12 Q&A Set Regarding the MB3773
This section provides a set of questions and answers regarding the MB3773.

Q&A Set Regarding the MB3773

Q&A Set Regarding the MB3773

Q1 | Whatis the value of power current Icc if the | a1 | Because of a bipolar IC, there is no significant difference. It is
measurement condition "with the watch- almost the same as the value obtained when the watch-dog
dog timer in operation" is not effective? timer is in operation.

Q2 | What do the following terms specifically | a2 | They are illustrated below.
refer to: CK input pulse width (Tckw) and T 1 —

. . CKW CKW

input interval (Tck)? il:‘_ Tec —| Tk

Q3 | What will happen if CK goes down to 3 us? | a3 | The pulse generator will become unable to catch up with the

clock speed any longer. That is, any clock signals whose width
is not greater than 3 ms will be neglected. The minimum value of
"CK input pulse width" is specified as 3 ms in the standard;
potentially, however, pulses will be produced from clock signals
whose width is not smaller than 1 ps.

Q4 | Is it alright to shoot the Cr or Vrer terminal | a4 | The IC will not be destroyed immediately when the Vcc voltage
to the Vcc terminal? is applied, although there is no specific standard regarding the

maximum rating for the Ct and Vrer terminals. The approach is
not recommended, however, because continuous use might
result in degraded characteristics. Be sure that the Cr terminal
receives a value not higher than Vrer and that the Vrer terminal
will receive no voltage.

Qs | If the Vs terminal at pin 7 is given a pull-up | a5 | Itis up to 3.5 V. If the power voltage is below 3.5 V, it is not
to prevent the detection of a voltage drop, guaranteed that the internal comparator operates normally.
what is the guaranteed voltage range for Therefore, you should set the detection voltage at a value higher
making the RESET terminal at pin 2 the L than 3.5 V. This is different from the standard for the minimum
level? power voltage of 1.2 V (max.) that guarantees the reset.

Q6 | There is a standard for the minimum power | ag | You should set the detection voltage at a value higher than 3.5
voltage of 1.2 V (max.) that guarantees the V. Only the reset output unit guarantees the L level even if the
reset. Does this mean that you can set a power voltage goes down to 1.2 V. In this case, the internal
minimum of 1.2 V? reference voltage is not kept at 1.24 V; the comparator is not

working normally, either. Therefore, voltage detection is not
possible.

Q7 | Regarding the adjustment of detection A7 | 1. Fluctuations exist ranging from 1.215 V to 1.275 V.
voltage with an external resistor: 2. Fluctuations in reference voltage are dependent on the device
1. Is the Vrer term in the equation a fixed parameters and configuration of actual  circuits. They include

value? fluctuations in the diffused resistor inside the IC and relative
. errors of the hfe value of the transistors comprising the current
2. What are the causes for fluctuations? A mirror. Because the MB3773 reference voltage circuit is
look at a grqph regarding temperature based on the band gap reference system, no  significant
char_a_ctenstlcs does not reveal any potential changes are observed, as shown in the Standard
significant change. Characteristic Curves data sheet. However, a great deal of
3. Is it possible to limit the detection allowance is given, because temperature testing was not
voltage to a range between 4.5 V and carried out as part of the shipment testing.
4.7V bY using a metal f"!“ reS|sotor 3. Only when there are no resistance fluctuations, the
(approximately plus;)r minus 1 %) as fluctuations in VsL and Vs are considered to be  roughly
the external resistor within the allowable range specified by the existing standard.
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Q&A Set Regarding the MB3773

Q8 | What is the degree of fluctuations in the | ag | Current fluctuations are estimated at approximately plus or
reset terminal output current of 10 pA? And minus 50 %. The internal pull-up circuit for the reset terminal is a
what are the causes for it? constant current circuit of the current mirror type using PNP

transistors. Causes for the current fluctuations include the
following: relative error of the resistor R, error of the resistor R's
upper potential, and error of the PNP transistor current. The
combined value is approximately from minus 50 to 100 %
(reference value ranging from 5 pA to 20 pA)
T»—I—O Ve
o ‘ 10pA
® (@)
/\
7I7 R
Q9 | When used alone, ICs will work normally. | ag | 1. Because the reset terminal on the system side has a low

When they are assembled into a system,
however, the RESET terminal will remain
at the L level (or show an unstable
operation). What are probable causes?
And how can you remove them?

impedance, there may be an excess pull against the current.
(Also see the data sheet: Standard Characteristic Curves - High
Level Output Voltage vs. High Level Output Current.) If this
occurs, you can remove the problem by giving a resistor pull-
up to the  reset terminal. The resistance is determined by the
potential current of the reset output transistor. You should
choose an appropriate resistance that will  prevent the
maximum current from exceeding 20 mA.

2. Additionally, there may have been a malfunction under the
influence of power noise resulting from  microcomputers or
other components. In this case, you can reduce the noise-
caused momentary voltage drop by either taking the delay
trigger method or inserting a bypath capacitor (approximately
0.1 uF) between the IC's power terminals.
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3.13 Equivalent Circuits for MB3773 Input / Output Unit
The following are equivalent circuits for the MB3773 input/output unit.

Equivalent Circuits for MB3773 Input / Output Unit

<Cr terminal> <Ck terminal>
Vec Vec

<VRer terminal> <Vs terminal>

T—O Vec Vee

<RESET and RESET terminals>
Vec

—® ®@

Note: A circuit having current symbols is a constant current circuit of the current mirror type using PNP transistors, as shown
below.
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4 MB3790 Applications

4.1 How to Produce Alarms in the Case of a Battery Replacement
This section explains how to produce alarms for the case of battery replacement using the MB3790.

4.1.1 How to Produce Alarms During Battery Replacement
Figure 64. Equivalent Circuit (for producing alarms during battery replacement)

Vourt terminal

O TT VIN

IBAT L

VBaTt1terminal

= \/BaTL2 = 2.37V

If the terminal Veat1 is open for such reasons as a battery replacement, the alarm output becomes undefined. Even in open
condition, it is possible to produce alarms for indicating a simple reduction in battery level by applying a pull-down of resistor R
to the terminal Vear1 in parallel with the battery. In this case, it would be desirable to increase the value of R in order to limit the
increase in the current consumption of the battery. The choice of the maximum value is explained below.

When Vn=5V

The standard value of the current Isat1 from the Veari terminal is 100 nA (max.), assuming that Veatr1 = 3 V and Ta = 25 °C.
(This remark refers to the value of Iear as shown in the data sheet. Isat is likely to rise as the temperature increases.) Under
the condition of Veat1 = 0 V, we assume that the external resistor R is connected to Vsari1, as shown in Figure 64 (there is no
specific standard). It is necessary to choose the value of R in such a way that the increase in voltage at R due to Igat1” (the
current from the Veat1 terminal) does not exceed Vear2 (= 2.37 V).

R % Isat < VpBaTL2
R < Veati2 / leati”

If Isat1” is approximately 100 nA, the following relations are applicable.

R<237V/100 - 10°A
R <23.7 MQ
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We assume that the maximum resistance is not higher than 100 MW for Ta = 25 °C (however, this is only an empirical value
and we can not guarantee it).

When Vn=0V

No alarms are produced, as the comparator does not operate.

4.2 Analog Switches

This section explains how to use analog switches.

4.2.1 Analog Switches
Figure 65. Equivalent Circuit (for primary and secondary batteries)

Terminal Vour
O
Analog switch 1 1000 ZIX Analog switch 2
_
= 0.3v
T
T lBAT
Terminal Veat jJ_ Terminal Veam
VeaT1 3V = \/Bam2
l 777

Figure 66. Equivalent Circuit for Analog Switch 1

Analog switch 1

At analog switch 1, the ON resistance Rsw is
nearly equal to 10 kQ.
Vsw stands for the voltage drop at Rsw.

When Using Primary and Secondary Batteries Together (CONTROL terminal in "H" status)

Make sure that the analog switch 1 is off so as to prevent a current flow from the secondary to the primary battery.

When Using Only the Primary Battery (CONTROL terminal in "L" status)

1. In Figure 65, the analog switch 1 and the diode are connected in parallel so to improve the characteristics with respect to
the voltage difference between input and output (the SBD is used to minimize the voltage drop within the IC).

- Analog switch path: 10 kQ resistance (for the ON case)
- Diode path: 0.3 V + 100 kQ resistance
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n

Figure 66 shows an equivalent circuit that is available when analog switch 1 is turned on. The input current Igat through
battery 1 is extremely low and all of it flows into the analog switch when the voltage drop at analog switch 1 is not higher
than 0.3 V because of ON resistance Rsw. If the value of Isat increases while the voltage drop at RSW reaches 0.3 V, a
part of the current flows into the diode. Because of this mechanism, the following equation valid:

(Voltage drop at Rsw) = (Voltage drop at 100 Q resistance) + 0.3 V

w

The standard contains an item "Battery 1 output voltage difference DVgi1." When the value of Igat is extremely small (as
low as 10 pA), the SBD is off. This causes a difference in electrical potential of 0.1 V (= 10 pA x 10 kQ) between the
terminals Vour and Vear1. When Isat = 100 pA, the current is approximately 30 pA on the side of analog switch 1 and 70
MA on the side of SBD + 100 Q, which leads to a difference in the electric potential between the terminals Vour and Veat1
of approximately 0.3 V. Even if the current increases 100 times, the difference in electrical potential increases only three
times.

»

Make sure that the terminal Veat2 stays open.

4.3 How to Fine-tune the Voltage Detection Level for the Power Supply
This section explains how to fine-tune the power voltage detection level.

How to Fine-tune the Voltage Detection Level for the Power Supply

Figure 67. Equivalent Circuit (for fine-tuning power voltage detection level)

VIN

Comparator for detecting the voltage of

R1 590k the power supply Temp

é _ To the internal circuit
240 k T s

VRer =1.24V Note:
The resistance of the IC-internal resistors
is provided with a absolute accuracy of
plus or minus 30 % and a relative accuracy
of plus or minus 2 % (however, this is only
an empirical value and we can not
guarantee it).

S

In Figure 67, Ra stands for the combined resistance of 590 kQ and the external resistance Ri, while Rs stands for the
combined resistance of the 240 kQ and the external resistance Ro.

Ra=R1 - 590 kQ / (R1 + 590 kQ) [Q]
Re = Rz - 240 kQ / (Rz2 + 240 kQ) [Q]

The detection voltage can be calculated as follows.
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Detection voltage Vine = (Ra + Re) / Re X (Vrer - AV (For afalling
96 Vi = (Ra v Re) T Re > (Ver ) V] value of Vcc)

(For arising

Detection voltage Vini = (Ra + Rs) / Re X Vrer [V] value of Vo)

The above calculation assumes that the threshold level of the comparator is Vrer (which is nearly equal to 1.24 V (typ.)) and
that the width of the hysteresis is AV =29 mV (typ.). [AV is calculated as follows: DVin x 240 / (590 + 240).]

Choosing the values of R1 and R2 in such a way that the conditions of R1 << 590 kQ and Rz << 240 kQ are met produces
simpler equations for determining the detection voltage.

Detection voltage Vine = (R: + R2) / R2 X (Vrer - A V) [V]  (For a falling value of Vcc)

Detection voltage Vini = (R1 + R2) / Rz x Vrer [V]  (For a rising value of Vcc)

Note: The minimum input voltage for the MB3790 is 4.0 V. It is therefore necessary to set the detection voltage to a value
higher than 4.0 V.

4.4 Capacitance Connected to the Terminal Cy

The capacitance that is connected to the terminal Cr should have a value that causes little leakage. Otherwise, the voltage at
the terminal Ct can not exceed the value of Vth (= 3 V), and the reset may fail to be canceled.

Capacitance Connected to the Terminal CT

The charging current to the terminal Cr is approximately 3 pA. Choose a capacitance with little leakage. If a capacitor with high
leakage is used, such as an electrolytic capacitor, tro will be prolonged or the terminal Cr+ might not be charged.

The plot below shows reference data (as measured for a single sample). Figure 68 shows the voltage threshold at the terminal
Cr. Figure 69 shows the relationship between the leak current and the voltage at the terminal Cr. Figure 68 shows clearly that
the reset fails to be canceled if the voltage at the terminal Ct does not exceed Vth (which is 3.28 V in this example). Figure 69
shows that subtracting a current of approximately 3 pA from the terminal Cr causes a drop in the voltage at the terminal Cr,
which means that the capacitor will not be charged.
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Figure 68. Threshold Vth of Voltage at the Terminal Ct

RESET
V
N\ MARKER ( 3.5800V . 0000V )
5.000
.5000
/div
MB3790
Vet
VIN = 5V 0—~ 5V
CTL
GND —O Reset monitor
777 ez
.0000
.0000 ! 5.000
VCT .5000/div v)
Figure 69. Relationship Between Leak Current and Voltage at the Terminal Ct
VCT
V)
MARKER (-2.748uA . 3.0649 . )
5.000 \
.5000 \
[div l Vet
\ MB3790
leT
\ Vi = 5V 0= 3pA
\ CTL
\ GND
\\ za T
.0000
.0000 . -5.000
ICT .5000/div (uA)

45 How to Adjust the Time for Detecting the Voltage of the Power Supply
This section explains how to adjust the time for detecting the voltage of the power supply.

Related data sheet(s): Application Examples - Adjusting the Supply Voltage Detection Level Set Time
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How to Adjust the Time for Detecting the Voltage of the Power Supply

Figure 70. Equivalent Circuit (for adjusting the time for detecting the voltage of the power supply)

Vce

590 k ~Comp.
-{_—O T +
lc = 240k IVref =1.25V

Figure 71. Change in the Voltage at Terminal Vsense

VSENSE

V/SENSE
(Input level of 1
the comparator)

V)
Vss 1.45

Vet 1.25

Vsa 1.16

Tri Timet —

When the value of Vin changes from 5 V to 4 V, part of the charge that is stored in capacitor C is discharged to GND through
the 240 kQ resistor (see Figure 70).

In this case, the voltage Vsense will change as shown in Figure 71. The detection time tpi can be described by the following
equation. Vss is the voltage at the terminal Vsense for Vin = 5V and Vsas is the voltage at the terminal Vsense for Vin =4 V.

(Vref - Vsa) = (Vss - Vsa) x @ P/ CR
The detection tei can be described by the following equation.
(Vret - Vsa)
(Vss - Vsa)

=2.8x10°xC

ti=-C xR xIn

[ tei [us] = 0.28 x C [pF]

[Example]
For C = 1,000 pF, tpi is close to 280 ps.
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Note:
1. Note that the above equation might change for differing waveforms of Vin.

2. Generally, the resistance is provided with a absolute accuracy of plus orminus 30 % and a relative accuracy of plus or
minus 2 %. For the actual values of tei, validate the numbers experimentally.

4.6 Current Consumption (Isata and Igats) in the Primary Battery

Among the electrical characteristics used in the data sheet, there are the items "Input currents Isata and lsats of Battery 1."
These values are defined as explained below.

4.6.1 Current Consumption (leata and lsats) in the Primary Battery

Ieata: In the circuit below, Ieata stands for the current from the primary battery for Vin = 0 V. In other words, this is the current
consumption of the IC itself during a backup.

This current flows mainly because of the input bias current of the comparator. It has a maximum value of 500 nA, as
specified by the standard, and flows into the IC.

MB3790 (Other pins open)
Vin

ov uj‘ e 7 Vout, open
; OFF

CTL 7-17_(

VREF ,._l—’ >
GND ﬁ_L =D
j_ | IsaTa (Reference measurement
7_|7_7 3V sample A: 229nA)

Isats: In the circuit below, Isats stands for the current from battery 1.

A

The input bias current of the comparator and the leak current of the SBD lead to a current flow at the terminal Isat. The
standard specifies a maximum incoming current of 500 nA and a maximum outgoing current of 100 nA.
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MB3790 (Other pins open)

I

VIN

us
Cﬂgr% |
VREF =

GND ;|>

} Ieata (Reference measurement
= 3V sample A: 167.3nA)

]

Note: When using a lithium-based primary battery for Vear1, take extra care to ensure that there is no backward current to the
battery.

O_

Vour, open
5v

J

Tip: The above requirements for Isata and Isats refer to the current that is consumed in the IC when there is no load at the
terminal Vour. It should be noted that the value of Isar will also increase if there is an output current and a load at Vour.

4.7 How to Calculate the Reset Pulse Width (tpo)
This section explains how to calculate the reset pulse width (tro).

How to Calculate the Reset Pulse Width (tPO)
Figure 72. Equivalent Circuit [for calculating the reset pulse width (tro)]
i Vce

1= 3pA

J
A Comp.
O -

[ +
7-'|/; - 7I7Vth =3V

When the voltage at Vout exceeds the value of Vinv, the 3 pA constant current power supply begins to charge the capacitor
that is connected to the terminal Ct. The reset is canceled when the charging reaches the threshold voltage Vth of the
comparator (See Figure 72).

The reset pulse width (tro), which is actually the time required for charging the terminal Ct to 3 V, can be described by the
following equation.

| Xtro=Cr %X Vih

tro [MS]= ? xCr
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The following equation can be obtained when using typical values and assuming that Vth and | are close to 3 V and 3 pA,
respectively.

[ tro[ms] = 10°xCr [pF]

[Example]
For Cr = 1000 pF, tro Is close to 1 ms.

Note: The standard value for tro of 50 % to 200 %, as used in the data sheet, does not account for fluctuations in the external
capacitance Cr.

4.8 Charging the Secondary Battery from the Primary Battery

This section covers the question whether the voltage in the primary battery decreases if the secondary battery, being at 0 V, is
charged from the primary battery.

Charging the Secondary Battery from the Primary Battery

When Vin is open and a discharged secondary battery is connected to the primary battery, a current will flow from the primary
to the secondary battery (See Figure 73).

Figure 73. Analog Switch (charging the secondary battery from the primary battery)
Terminal Vout

O

Analog switch 2

i

“ON” during backup

Analog switch 1 |

!

Terminal OTL in

“OFF” control
Terminal Veat1 O Terminal VBAT2
VBATL == | IBAT l VBAT2
777

Figure 74 is a plot of data obtained for charging the secondary battery from the primary battery.
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Figure 74. Data Obtained for Charging the Secondary Battery from the Primary Battery

IBAT1
(HA)
MARKER ( . 0000V . 357.9uA . )
500.0
(Other pins open)
Current of the
primary battery MB3790
50/.[513 VBAT2
\ CTL
0— 3V
\BaT1  GND
\ i il
— Measurement circuit
.0000
.0000 i 5.000
VBAT2 .5000/div )

Voltage of the secondary battery

When the primary battery is at 3 V and the secondary battery is at 0 V, a current flows from the primary to the secondary
battery. Assuming that Veat1 = 3 V and Veat2 = 0 V, the charging current can be described by the following equation, since it is
known that a resistor of 100 Q and an analog switch which presumably has a resistance of 10 kQ are located between Vear1
and Vear2.

3V

= =300
10kQ+100Q HA

IBATl

Figure 74 shows measured data for a sample of 357 pA.

Discharging continues until the voltage of the secondary battery is nearly equal to that of the primary battery. At the end of this
process, both batteries will have half the initial charge of the primary battery (discharging stops when the voltage of the
secondary battery is approximately equal to that of the primary battery minus 0.3 V). The time for the entire process varies
depending on the capacitance and charging characteristics of the primary battery. Consult the manufacturer of the primary
battery for details.

Batteries are shipped in discharged status. Prior to using them, they have to be charged by the system immediately after
connection. Moreover, when replacing a small-capacity primary battery, it is recommended to charge the secondary battery in
advance. It should also be kept in mind that a secondary battery with high leakage will decrease the charge in the primary
battery.

4.9 Major Reasons for Drop in Battery Charges

In some cases, the terminal Vour might provide only an output of about 2 V during a backup although the battery contains a
charge of 3 V. This section discusses the probable reasons for this behavior.

4.9.1 Major Reasons for Drop in Battery Charges
Provided that there are no problems with the IC, the following two reasons might be responsible.
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When the CONTROL Terminal is Open

The circuit becomes unstable when the CONTROL terminal stays open. Even when the battery charge is 3 V, the value of
Vout might decreases to be only about 2 V (See Figure 75).

Figure 75. Vour in Dependence of Vin

vout

\
MARKER (. 0000V . 2.2150V . )

5.000

MB3790

.5000 / CONTROL terminal in "H" status

/div A m ViN Vourt Monitor
—wT] Veat1  CIL
— — | ViN
— Oto 5V7I7 l Veat2
CONTROL terminal open GND
"1l

Measurement circuit

10000 ] 5.000
VIN .5000/div (%)

When There is Excessive Current Pull

Especially when the terminal Vour is connected not only to the SRAM but as well to other logical circuits, check how much
current is being output from the terminal Vour (the standard value is up to 500 pA).

Figure 76 shows the measured change in Vour voltage when the current at Vour changes from 0 to 200 pA, assuming that Vin

=0V and Vear2 = 3 V in backup state. The graph shows the voltage drop depending on the current that is obtained from the
terminal Vour.

Note: As the reset terminal is internally connected to Vour as well, any current consumption at that terminal will cause a drop
in the Vour voltage as well.

Figure 76. Vout in Dependence of Isat2

VOUT
) MARKER ( 94.37pA . 2.2990V . )
3.000
N~
MB3790
3%)'3 VIN Vout
VIN -[ I =
VBaT1 CTL ] ;}_.) 0—>200pA
ov ;1; 7l, 7l7
<:—~_~_——> VBAT2
IBAT2
GND
3\/71;_7174
Measurement circuit
.0000
.0000 _ 200.0
IBAT2 20.00/div (HA)
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4.10 Operation at Input Pulse Width (tp) of Less than 5 pys
This section describes the operation of this IC at input pulse width (tp) of less than 5 pys.

Operation at Input Pulse Width (tPI) of Less than 5 ps
Figure 77. Block Diagram of the Operation at Input Pulse Width (tr)) of Less than 5 ps

b ViN
Comp.
i
71-7 125V
To the reset

| a

A A
]

S}
f
d
Inverter
Vth: 15V i &

If the width of tei is lower than 5 ps, the reset output is undefined. However, it is not possible to have a "halfway" reset output.
If there is a reset output, it is nearly equal to the width of tro as specified by Cr. While the effective value of tei, which specifies
actually the minimum tp value for obtaining a reset output, is different from sample to sample, a value of 5 ys is guaranteed to
work. (While there might be a reset output at a value of less than 5 ps, it is guaranteed that there will be a reset output for a

value of 5 ys or more.)

Since there is a built-in latch circuit, discharging continues till the Cr voltage went down to approximately 1.5 V, even if Vcc is
recovered before Cr is discharged to 1.5 V. Therefore, a detected drop in Vcc will always produce a normal reset output.

Refer also to Figure 78, which shows the waveforms of the operation described by the block diagram in Figure 77.

In this example, capacitor C was connected to the terminal Vsense terminal in order to increase the value of te (refer also to
Section 4.5 “How to Adjust the Time for Detecting the Voltage of the Power Supply”). The capacitor C has no influence on the
value of tro. There are no appropriate circuits for reducing the value of tp..
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Figure 78. Waveforms for a Momentary Drop in Vcc

The transistor at point f is switched on and VCC is recovered immediately before
the CT element is discharged to 1.5V.

@[Momentary drop

o

4.3V

(S)

(@)

(R)

@

1. Asthe voltage of the power supply decreases, discharging of Ct begins.
2. The latch is reversed as soon as the Cr voltage is lower than the voltage V1 (approximately 1.5 V) at the internal inverter.

3. As a result of the switch of the latch, Ct is switched into charging mode (in the case of a momentary drop as shown in
Figure 78).

4. The inverter and the latch operate in the following way: Even when Vcc is recovered before Cr is discharged to 1.5 V, the
discharging process continues till the voltage at Cr is equal to Vtn (approximately 0.25 V). As a result of this operation, it
is possible to maintain a required value for the time ter even if there is a momentary drop in the power supply.
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4.11 Backup: How to Add a Super Capacitor to Vour
This section describes a method for implementing a backup output by adding a super capacitor to the terminal Vour.

Backup (how to add a super capacitor to Vour)
Figure 79. Equivalent Circuit [1] (for implementing a backup by adding a super capacitor to the terminal Vour)

Terminal Vout
I 5V

Figure 80. Equivalent Circuit [2] (for implementing a backup by adding a super capacitor to the terminal Vour)
MB3790 (Other pinsopen)
ViN l < lour

ov ! ‘ Y
i\Y — Vout
2V
CNL J:O 3v
GND [
N\ A\
VBaTAL

VBaTa2

MB3790

Figure 79 shows a method for a backup that consists of connecting a capacitor to the Vour terminal. An appropriate value for
the resistance has to be selected depending on the connected capacitor and diode.

There is no standard that would specify the maximum value for Vour; however, the withstand voltage is approximately 6 V,
comparable to Vear.

As soon as the voltage of Vour exceeds 3.5 V, there will be leak current. The leak current increases depending on the voltage
at Vin. It also varies from sample to sample. The circuit shown in Figure 79 tends to affect the backup time to a certain degree,
since the voltage level at the terminal Vour is probably approximately 3.8 V.

Figure 81 and Figure 82 show the leak current, lout, at Vour, for an input of Vin. Figure 81 and Figure 82 show the results for
different samples.
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Figure 81. Measured Leak Current lout at Vour for an Input of Vin [1]

MARKER ( 3.5000V . 976.4nA . )
100.0 100
[l
VIN=0V /
10.00 10UT
fdiv / 60 (WA
/\/m:lv
VIN=2V

[
v
// 20

/
.0000 L/

.0000 3.000 4.000 5.000
V4 5000/ div V)

VOUT(V)

Figure 82. Measured Leak Current lout at Vour for an Input of Vin [2]

MARKER ( 3.5000V . 977.7nA . )
100.0 100
I 80
10.00 IouUT
/div VIN=0V I
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4.12 How to Charge the Secondary Battery to more than 3 V
This section explains how to charge the secondary battery to more than 3 V.

How to Charge Secondary Battery to more than 3V

Figure 83. Equivalent Circuit (for charging the secondary battery to more than 3 V)

MB3790

Vin

Terminal Vout

3V

IcHg2 _w

O

lore W ;L_VBATAZ ;I; VBATAL

As shown in Figure 83, it is possible to charge Vear from Vi through a diode and a resistor (R). It is necessary to select an
appropriate resistor, since the required resistance varies depending on the capacitor (Vear) and the diode.

Note that the flow of leak current Isat into the IC will reduce the backup time. Figure 84 shows the measured leak current Veat2
for Vin values of more than 4.2 V. At 3.3 V or more, the value is approximately 13 pA.

Figure 84. Measured Leak Current Vearz for Vin Voltages of more than 4.2 V

MARKER ( 3.3000V . 13.26pA . )

20

IBAT2
A

.0000 3,000 4,000 5.000
\VZ 5000/div (\Y]

VOUT(V)

MB3790 (Other pinsopen)

ViN \out

45V ;

\/BaTA2

Measurement circuit
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4.13 Relationship Between Capacitance and Output Delay Time

Connecting a larger capacitance to the terminal Cr will lead to a correspondingly longer discharging time. This section
discusses the influence of a longer discharging time on the reset delay time.

Relationship Between Capacitance and Output Delay Time

The MB3790 has a circuit configuration in which the capacitance that is connected to the terminal Ct does not affect the reset
output delay time. In the block diagram included in the data sheet, the voltage at the terminal Ct directly goes to the
comparator (with a Vth value of 3 V). As shown in Figure 85, there is actually a resistor inside the terminal Ct. This means that
the voltage that is detected by the comparator for a Vth value of 3 V corresponds to the voltage at point a.

The MOS transistor is switched on when it detects a drop in Vcc (or the terminal Vsense). After determining the voltage at point
a, the comparator with the Vth value of 3 V produces a reset output without waiting that Cr is discharged.

The standard specifies that the reset output delay time tpdR is a maximum of 10 pys.

If the voltage at Vcc drops to 0 V, the MOS transistor loses the capability of discharging (because of an increase in ON
resistance). Note that the reset output will be delayed depending on the size of Cr.

Figure 85. Equivalent Circuit (setting the relationship between capacitance and output delay time)
Vce

b 1=3pA

~.Comp
To RESET

-I-—O—v—’W\,——« Point a p
: ; Vih =3V

4

4.14 Warning Remarks About Connecting a Diode to the Vour Terminal for Power Protection
This section contains some warning remarks about connecting a diode to the Vour terminal for power protection.

Warning Remarks About Connecting a Diode to the VOUT Terminal for Power Protection
[Observed behavior]

1. Suppose that a diode is connected to the Vear1 terminal, as shown in Figure 86. Even if the voltage of the primary battery
decreases, the voltage at the Vear1 terminal (which corresponds to the voltage at point a in Figure 86) might not decrease
in a high temperature setting, and there will be no alarm output.

2. As shown in Figure 87, an alarm is produced even in a high temperature setting if there is no diode.
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Figure 86. Equivalent Circuit [1] (for connecting a diode to the terminal Vour for power protection)
MB3790 (Other pinsopen)

. ”I) ViN

1 |

) GND ALM2

VeaTal

o)

Figure 87. Equivalent Circuit [2] (when there is no diode connected to the terminal Vour for power protection)
MB3790 (Cther pinsopen)

a
. ViN

']

GND ALM2
VBaTal

[Probable Explanations for this Behavior]

1.

The input unit of the terminal Vear1 is configured as shown in Figure 88. When the Vear1 terminal is open, a leak current
(I2) flows through SBD under a backward bias. Due to .2, a base current is supplied to the NPN transistor (Q1).

Generally, the base current under which the NPN transistor (Q1) operates is large with respect to l.2. For this reason, Q1
might not operate, which leads to an alarm output.

As the temperature rises, I.2 increases and Q1 will operate. In that case, there will be no alarm output.

At high temperatures, the MB3790 tends to increase the value of I.2, which is approximately 20 nA at normal temperatures.
(Refer also to the curves of the standard characteristics as included in the data sheet: Leak Current in Dependence of
Ambient Temperature.)

If the value of Iz increases because of a rise in the temperature, the voltage at terminal Vear: terminal also increases.
This is because the increased I.2 increases the base current (Ig) in the NPN transistor (Q1). If the value of Iz exceeds a
specified value, the voltage at the terminal Vear1 will increase until it saturates. The saturation voltage differs (in the range
between 3 V and 5 V) for different lots of the produced ICs, since the saturation level is aifected by the characteristics of
the NPN transistor.

If a diode is connected to the terminal Vear terminal as shown in Figure 86, a leak current (I.1) with an amount of .2 - Is
flows through the diode. Even when Vear1 is set to O V at normal temperature, voltage saturates at point a, which means
that the alarm stays in "H" status.
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Figure 88. Equivalent Circuit (for the input unit of terminal Veat1)
MB3790 (Other pinsopen)

Vout O , To internal circuit
-- comp for Veat1  --

Veatt O— .

i
|
|
|
|
.

B —
|
|
|
|
.

[Corrective Action]

Put a resistor with high resistance between the terminal Vear1 (point @) and GND. The recommended value for this
resistance is approximately 10 MW for Ta = 25°C. As the ambient temperature rises, reduce the resistance
accordingly.

Note:  Without a diode, there will be a leak current at high temperatures, which means that the battery might burst. Consult

the battery manufacturer for details.

4.15 Handling Unused Terminals
Table 5 summarizes how to handle unused terminals in the MB3790.

Handling Unused Terminals

Table 5. Handling Unused Terminals in the MB3790

Terminal Name Description
Terminal Veat1 GND or Vin (This terminal can be opened for experimental purposes
even if it is unused, but this will result in an undefined alarm output)

Terminal Veat2 OPEN

ALARM1 / ALARM2 terminal OPEN

RESET / RESET terminal OPEN

Terminal Vsense OPEN

CTP terminal -

CONTROL terminal OPEN
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4.16 Q&A Set Regarding the MB3790
This section provides a set of questions and answers regarding the MB3790.

Q&A Set Regarding the MB3790

Q&A Set Regarding the MB3790

Q1 | | am wondering whether we need to put a diode or | a1 | That depends on the battery. Since it may not be
resistor between the primary battery and the possible to identify a malfunction mode of the
MB3790. Would it be better to add a protective circuit MB3790, it would be safer to add a protective circuit.
to account for a possible malfunction in the MB3790? Please consult also the manufacturer of the battery on

this topic.
We have no particular recommendation for a circuit
that would be especially suitable for this purpose.

Q2 | As the value of Vin decreases, the output of Voutis | a2 | If the value of Vin decreases, Vour follows Vin
usually obtained by switching from the Vin voltage to because of the difference between the ON and OFF
the battery. However, if there is a sharp drop in Vi, it timing of the internal transistor of the IC.
will take time before the switch becomes effective, | the Vi fall time b i ing th
and even after the value of Vin decreased, Vour will ncreq_:,e eb 't'\\‘Na |\|;ne 3;’2?\]&[';3 ot increasing the
continue to provide the voltage for Vin for a short capacitance between Vin an :
period. What would be the appropriate corrective (To provide a secure backup operation in the case of
action in this situation? a momentary power failure requires that the time in

which Vin falls from 5V to 0 V is at least 50 ys.)
:7— = Battery voltage
=Vinvoltage
(At a V| fall rate of 2.5 V/ms, it takes about 20 ms before
Vour supplies a voltage that is approximately equal to the
battery voltage.)

Q3 | I would like to connect the RESET terminal to the CS | a3 | The maximum value of 0.4 V assumes that there is a
terminal of the SRAM. According to the data sheet, 3 mA current flowing into the RESET terminal (refer to
the RESET output voltage during a backup is up to the data sheet: "Standard Characteristics Curves -
0.4 V. Most SRAMs use a certain current level for VCL Characteristics at RESET Terminal"). If the input
retaining data and require that the CS is not higher current is not at least 5 mA, the value of 0.2 V can not
than 0.2 V. Can these SRAMS be connected as they be achieved. It is necessary to set up the individual
are? configuration according to the input current that flows

in the circuit.

Q4 | While the standard states that the charging current | a4 | The standard refers to a leakage that occurs when a
Ichen for battery 2 requires Vene = 3.3 V, the output 3.3 V battery is forcibly connected to the terminal
Vche for battery 2 is in fact 2.8 V (2.95 V maximum). Vear2.

These requirements seem to contradict each other.
Q5 | How long is the charging time for the secondary | as | Ask the battery manufacturer for the charging time
battery? that would be required for charging with the circuit as
shown below.
oo
=500Q
7]7 =3V l = Secondary battery
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Q&A Set Regarding the MB3790
Q6 | The mode of the terminal Vsense is either OPEN or | ag | The "H" or "L" mode is not supported. By setting up a
GND according to the data sheet "Application direct connection (short) between the terminals Vin
Examples - How to Produce Reset Signals Forcibly". and Vsensg, a structure is created in which RESET
Are "H" mode (Vin voltage) or "L" mode supported as changes to the H level only when the current at Vin
well? (H: Vin voltage) goes down to 1.24 V (this is because Vi is directly
connected to the input of the comparator). On the
other hand, when the current at Vin reaches 1.24 V,
the reference voltage has decreased, and did not stay
at a level of 1.24 V value. This makes monitoring the
voltage of the power supply impossible.
Q7 | | have a question about a malfunction of the alarm | a7 | We recommend to put 0.022 pF capacitors between

terminal. When there should theoretically be an "H"
output under the condition Veat1 = 3.3 V, why would
there be an "L" output?

the terminal Vin and GND and between the terminal
Vour and GND, as mentioned in the data sheet
"Standard Connection Examples". Without these
capacitors, the operation of the alarm terminal might
be unstable, which would sometimes result in a
malfunction.

4.17 Comparison Between the MB3780A and the MB3790

Table 6 shows a comparison between the MB3780A and the MB3790.

Comparison Between the MB3780A and the MB3790
Table 6. Comparison Between the MB3780A and the MB3790

IC for Battery Backup

Parameter
MB3780A MB3790
Input voltage range 0to6V 0to 55V
Process Bipolar type Bi-CMOS
Value for detecting a decrease in input voltage 42V 4.3V
Current in the input circuit under no-load condition 1 mA (standard) ‘ 50 YA (standard)
Output drive current 200 mA

Difference between input and output voltage

200 mV ‘ (RON=0.5 Q)

Output current during backup

0.5 mA (maximum)

Leak current during backup

0.5 pAorless

Power-ON reset

Logic

Positive logic Positive / negative logic

Output mode

Open collector CMOS
Function for detecting voltage decreases in the primary
battery 265V/237V
Function for charging the secondary battery Built-in function
Compatibility with thin packages SSOP20
Note: The shaded areas indicate that there are differences between the parameters for the MB3780A
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5 MB3793 Applications

5.1 Meaning of Values Ato D

The meaning of the values A to D are explained in the data sheet "Standard Connection Diagrams". These values are used for
calculating various time settings. As these values depend on the voltage of the power supply, they vary from one series to
another. This section describes how the values for A-D were obtained.

5.1.1 Meaning of the Values A to D
Figure 89 is a chart of the timing for the Vcc, CTP, CTW, and RESET signals.

Figure 89. Chart of the Timing for the Vcc, CTP, CTW, and RESET Signals

Vcc

VSL

CTP

VCTPX
VCTPH

7 Dependent on Vcc

VCTPL
=0.7

CTwW

VCTWH
=1.24V

VCTWL
=0.24V

RESET

Ter ! Two

The mathematical relationships between the parameters are explained below.

Power-ON Reset Time, Ter
This is the time that is required to charge capacitor CTP to the voltage of VCTPH at a constant current of lctpi.

TPR=I— x CTP= AxCTP

Monitoring Time of the Watchdog Timer, Twp

This value is the sum of three time values: time Ti, which is the time required to discharge capacitor CTW from voltage
VCTWH to VCTWL at a constant current of lewz; time T2, which is the time required to let capacitor CTP charge from voltage
VCTPX to VCTPL; and the time required to charge the capacitor from VCTPH to VCTPX at a constant current of letp2.
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Trr=T1+ T2+ T3

(VCTWH - VCTWL) (VCTPX- VCTPH
= x CTW + CTP x R x log (VCTPX/VCTPL) + CTP X ——mMm
Ictwl Ictpl

=BxCTW+ C x CTP

t should be noted that R refers to the resistance of the MOS transistor. A part with a model number that contains the extension
-A is a circuit that allows a calculation with C = 0.

Reset Time of the Watchdog Timer, Twr

This is the time that is required to charge capacitor CTP to the voltage of VCTPH from VCTPL at a constant current of about
ten times lctp1.

(VCTPH - VCTPL )
Twr = xCTP =D x CTP
10 x Ictpl

5.2 Clock Timing
This section explains the timing of the clock.

Related data sheet(s): "Timing Chart 1 - Basic Operation"

5.2.1 Clock Timing

The CK terminals (CK1 and CK2) provide a latch circuit for detecting any rise in signals. No operation occurs if the "H" level is
maintained.

The latch circuit is designed in such a way as to read CK1 and CK2 in sequence: first CK1, then CK2.

If there is a clock between points (3) and (4), the operation is as follows:

One Clock at CK1
o First recognized clock pulse

CK1 | |
ke ﬂ

CTwW

o Second recognized clock pulse

|

@) 4)
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One Clock at CK2

Counting always begins with CK1.
o First recognized clock pulse

CK1 | |

o Neglected o Second recognized clock pulse

O | |

CTW

®) (4)

More than One Clock

The second recognized clock pulse makes charging possible, but as the circuit is already in charging mode from the beginning,
no change takes place.

First recognized clock pulse

/ L Third recognized clock pulse
CK1 | \ |

Neglected i .
/ eg eC/e/ Second recognized clock puly Fourth recognized clock pulse
CK2 ‘ | | \ | \

CTwW

©) (4)

Since the first clock pulse after the rising signal of INH comes from CK2, it is neglected. Counting begins with the next clock
signal from CK1.

In the period between the points (7) and (8) mentioned in the data sheet " Timing Chart 1 Basic Operation”, counting also
begins with the clock pulse from CK1.
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5.3 Recommended Circuit for Limiting fmax
This section presents a recommended circuit for limiting fmax.

Recommended Circuit for Limiting fmax

Figure 90. Equivalent Circuit (recommended circuit for limiting fmax)
Vcc

R1
CK CK1

10 kQ

Qi + C

During clock input at the CK terminal, an extremely low value of T2 will prevent that the Ci voltage reaches the clock input
threshold of 1.9 V and a reset signal is produced. The value of T1 can be determined according to the following equation.

T1=0.7C1R1

However, Vcc =5V, T3 2 0.5 s, T2 =20 us
CK waveform

C1 voltage

l

T1

Because of fluctuations, the value during the period described by
= (0.33 C1R1 T1=(=0.7C1R1) will be undefined.

[Sample Settings]

C R T,
0.01 pF 10 kQ 70 ps
0.1 WF 10 kQ 700 ps
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5.4 Timing for the Circuit Limiting fmax
This section explains the timing for the circuit limiting fmax.

Timing for the Circuit Limiting fmax
Figure 91. Equivalent Circuit (timing for the circuit limiting fmax)

Vcec
Microcomputer R
CK CK1
——> O——
CK2
10 kQ
1= C
7T

For CK monitoring, only a single system needs to be monitored as seen from the microcomputer, while two systems need to
be monitored from the MB3793 side. Therefore, CTW is changed to charging mode each time there is a rising signal at CK2.

Note that for every two clocks pulses from the microcomputer side, CTW changes to the charging mode described in the data
sheet "Timing Chart 3 - Single-Clock Input Monitoring".

Figure 92. Timing for the Circuit Limiting fmax

I 1
I

CK1

CK2 --- Vth CH

RESET
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5.5 Handling Unused Terminals
Table 7 summarizes how to handle unused terminals in the MB3793.

Handling Unused Terminals

Table 7. Handling Unused Terminals in the MB3793

Terminal Name Description
RESET terminal OPEN
CTW terminal GND
CTP terminal OPEN
INH terminal GND
CK1 terminal GND or Ve
CK2 terminal GND or Ve
(Connected to the CK1 terminal if only the CK1 terminal is used)

[1. What Happens if the CTW Terminal is OPEN]
In this case, the reset output is undefined.
The Meaning of the Term "undefined" in this Connection is as Follows:

This term means that it is unknown whether the "H" or the "L" level is adopted or what voltage will be created. These
facts depend on sample fluctuations and the used peripheral circuit. Generally, the output becomes undefined when a
MOS-type input terminal is set OPEN. For your reference, we have included the results of experiments of samples in
which the reset output changes from "H" to " L" levels in intervals of twr because of the capacitance within the
terminal. ldentical results were obtained, regardless of whether there was any clock input. We can, however, not
guarantee the following operation:

. Twr

[2. What Happens when the CTW Terminal is Grounded]

The reset terminal switches to the "H" level. The same operation takes place when the INH terminal changes to the
"H" level.

[3. What Happens when the CTP Terminal is OPEN]
The reset terminal switches to the H level (the level of the CTP terminal is approximately equal to the voltage at Vcc).

If the tPR is 0 and if the voltage reaches 4.3 V during a rise in the voltage at Vcc, the reset is abruptly canceled.
Likewise, the reset terminal is set to the "H" level if twr becomes 0 and there are no clock pulses.

[4. What Happens if the CTP Terminal is Grounded]

In this case, the reset terminal is set to the "L" level (The IC will not operate until there is a rise at the CTP terminal).
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[5. What Happens if the INT Terminal is OPEN]

The reset output becomes undefined. (The experimental results for the samples show that the operation of the circuit
is unstable when there is a change between the "H" and "L" level.)

[6. What Happens if the Vcc or GND Terminal are OPEN]

In this case, the reset terminal switches to the "L" level. The same operation takes place even if voltage is applied to

the CK or INT terminal. (The reset terminal requires no pull-up resistance because of the CMOS output buffer.)

While the situations described under points 1 to 6 above are generally not recommended, there will nevertheless be
no malfunction because of an excessive load on the IC. The situation described under point 2 can in fact effectively
be used in order to use the MB3793 for monitoring the voltage of the power supply (that is, without using any

watchdog timer). Refer also to Section 5.6 “Typical Circuit for Monitoring Only the Voltage of the Power Supply”.

5.6 Typical Circuit for Monitoring Only the Voltage of the Power Supply

Figure 93 shows a typical circuit that might be used for only monitoring the voltage of the power supply. In this case, special
considerations are required with respect to the watchdog timer, such as considering the effect of using other ICs. The timing of

the circuit is shown in Figure 94.

Typical Circuit for Monitoring Only the Voltage of the Power Supply

Figure 93. Typical Circuit for Monitoring Only the Voltage of the Power Supply

Vec o T
INH Vee
CTw RESET *
MB3793 L Vece
cTP CK1 RESET RESET
_,__ CK2 Microcomputer

Il T

Figure 94. Chart of the Timing of a Circuit for Monitoring Only the Voltage of the Power Supply

VsH —
Vcc '

Vith
CTP

RESET

Vcc

Microcomputer

”

il
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5.7 Specific Ways of Checking External Circuits of the MB3793-42

This section explains the recommended resistance values that are to be used if the INH input provides such an interface as
shown in Figure 95. As Rz and Rs are already specified by the microcomputer and transistor, this section covers the question

how to determine R1.

5.7.1 Specific Ways of Checking External Circuits of the MB3793-42
Figure 95. Example of an External Circuit for INH Input

VoD

Microcomputer MB3793-42

R2

INH

The following cases 1 and 2 describe how to choose the minimum and maximum values for R1.
The optimum value can then be chosen considering current consumption and other parameters.

[1. When INH is in " L" Status (transistor is off)]

Assuming that i1 stands for the transistor's leak current, iz for the leak current from INH, and Vi (min.) for the
minimum threshold of INH, the value of R1 should be chosen so that it meets the following requirement:

(it i2) x R1< Vin (min.)

(For Ta =25 °C, i2 (max.) is 1 yA and Vth (min.) is 0.8 V.)

AV}

INH

[2. When INH is in "H" Status (the transistor is on)]
When 5 V are applied to INH and the input current is 1 yA (max.), the input impedance of INH, r, can be determined
as follows:

=5V
1pA

Assuming that IR stands for the combined resistance of R1 and r, Rec for the ON resistance of the transistor, and Vi
(max.) for the maximum threshold of INH, the value of Ri should be chosen so that it meets the following

requirement:
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IR

IR +Rec

(For Ta = 25°C, Vih (max.) is 3.5 V and r is approximately 5 MQ.)
Voo

> Vin(max .)

INH
1 JA (max)

R4 § Input impedancer

s

Tip: As there is little leakage from INH, it is also possible to directly connect INH and the microcomputer. However, an open
drain can not be used.

5.8 Equivalent Circuits for the Use as Input / Output Unit of the MB3793
The following are equivalent circuits for the use as input/output unit for the MB3793.

Equivalent Circuits for the Use as Input / Output Unit of the MB3793

<RESET terminal> <INH terminal>

Tointernal

\Veel
4| ircuit <—|
To internal circuit RESET
—
INH C—s To internal circuit
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<CTW terminal> <CK terminal>
Vec Vo Vec

CK O—AMWW\—s F To internal circuit
i

To internal
circuit
s —I’: j—> T_o in.ternal Ve
JH circuit
\% %‘ }T v +— '%
O
777 TIT

<CTP terminal>

Vec Voc Ve

To internal
circuit j —

>
=
=
>
S
=

<
=<
<
<
P~
=

=
g

To internal ? O

circuit CTP 7L

Note: Circuits that are marked with a current symbol in the chart below are constant current circuits of current mirror type that
use PNP transistors.

Vec \Veo Vec

=

b

|

Jua4ind aJuals)ay
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5.9 Circuits for Measuring the Electric Characteristics of the MB3793-42
This section describes circuits for measuring the electric characteristics of the MB3793-42.

m  Circuits for Measuring the Electric Characteristics of the MB3793-42

Vee =5V (MB3793-42) Ta = 25°C Crp = 0.1 pF Cry = 0.01 pF

<Current lcc1 from the power supply>

Input frequency: 1kHz
Amplitude: from 0to Ve

W)

IS

N
7
6

5 |—

Cm/l Cr

L=

U.m

<Power ICC2 from the power supply>

1 8

ijl

—
s @
!

g

<Detection voltage Vst / Vsh / VsHys>

Monitor O——— 1

ENEA N

I

Vce f

<Input current lix>

Monitor O———
Amplitude:

from 14to 25V

—

Crw Cr
l l Vee

from 0.8to 1.8V

<Threshold voltage for input inhi

bition Vthin>

Monitor O——— 1 8

w
(=2}

IS
o

H

1 Amplitude:
from 0.8to 2.0V

I

<Input current lin>

A W N P
a o N

IS
ol

[ I boo

leml “TITT

<Input current >

A W N P

Ll

<Reset output voltage Vcu>

5mA SVf ) i %
l ’J: Vee ;

EN

<Reset output voltage VcL>

5mA

w N
aa o N o

IS

]

1

<Minimum voltage of the reset output for the power supply
Vcer>

[

k]
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Vee =5V (MB3793-42) Ta = 25°C Crp = 0.1 uF Cry = 0.01 pF

<Hold time ter for a power-ON reset> <Monitoring time twe of the watchdog timer>
<Reset time twr for monitoring with the watchdog timer>

Monitor O—— 1

Jord T
ATl T |

2

a o N ©

<Pulse width tckw of the CK input> <Transition time of the reset output trLw>

Monitor O——— | 1 8 T Monitor O
_— 7

o

BowN
o

Lo

g T
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