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Power Supply Sequence Circuit with General
Purpose Power Supply IC

When supplying an LSI or electrical equipment such as an FPGA or DSP with multiple power supply systems, the order of turning
ON/OFF the power supplies may be specified. If this order is not followed, the equipment may not be turned ON normally or devices
may be damaged. The order of turning ON/OFF the multiple power supply systems is referred to as a power supply sequence. A
power supply sequence IC may be used as a dedicated device to control the power supply sequence. This application note proposes
a circuit that accomplishes the power supply sequence without using any dedicated power supply sequence IC, by using general

purpose power supply ICs that do not have the Power Good output or an output discharge function required for the sequence control.

Power supply sequence specification 1

5V pcpcl — Your
In this example, we introduce the circuit design for the power 12v
supply sequence of 3 systems.
The specifications of the input and output voltages are shown ¢— DCDC2 — \B/%J\}Z
below.
Vin: 5.0V L | pcpe3 — \1/05u\;3
Vouri: 1.2V
Vourz: 3.3V Figure 1-1. Power tree
Vours: 1.5V
Figure 1-1 shows the power tree diagram. In this example, the
circuit is configured with 3 power supply ICs. The power supply
ICs are assumed to be switching regulators (DC/DC converters) Vouyt2: 3.3V
or linear regulators (LDO). As a function of the power supply IC, E-)J
an enable pin that can control the ON/OFF of the output is g
required. E Vours: L5V
The power shall be turned ON in the order of Vourl, 2, and 3, % Vours: 1.2V
and be turned OFF in the order of Vour3, 2, and 1. Figure 1-2 o
shows the schematic diagram. t

Figure 1-2. Schematic diagram of the power supply sequence
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Power Supply Sequence Circuit with General Purpose Power Supply IC Application Note

Control block diagram 1

Figure 1-3 shows the control block diagram. DCDC 1, DCDC 2,
and DCDC 3 are the power supply ICs of 3 systems. Each output
is controlled by the enable (EN) pin. Power Good 1 and 2 monitor
the output voltage of the DCDCs when the power is turned ON,
and output the “High” signal to the DCDC to be turned ON next
when the output voltage reaches the target voltage. Power Good
3 and 4 monitor the output voltage of the DCDCs when the
power is turned OFF, and output the “Low” signal to the DCDC
to be turned OFF next when the output voltage reaches the
target voltage. The Discharge blocks ensure the normal
operation of the power supply sequence by rapidly discharging
the electric charges stored in the output capacitor of the DCDCs
to decrease the voltage when the power is turned OFF. Note that,
in this block diagram, the logic is designed as Active High
between EN and VOUT of the DCDC blocks, between IN and
PGOOD of the Power Good blocks, and between IN and OUT of
the Discharge blocks. In addition, the PGOOD pin (output) of the
Power Good blocks and the OUT pin of the Discharge blocks are
of the open-collector or open-drain type.

DCDC 1

5.0V ov
Vin VIN  VOUT ‘ Vours
5.0V ﬂR 1.2V
PULLUP
Enable —= 4 L EN
D1 Discharge 1
LN out—
Power Good 1
L pGoop  INFE
"
Power Good 3
. VA
L lpGooD  INf-E
ZX D3 RPULLDO\I\/N
DCDC 2 —
VIN VOuUT ’ Vourz
GR 0V 33v
PULLUP
SN
Discharge 2
LN out
Power Good 2
L pcoop  INFE
Power Good 4
- oo/ D4
L lpcooD  INf-E
/N5 [ Rewioom
DCDC 3 =
VIN VOuUT ’ Vours
DR 0V q15v
PULLUP
L L
N EN
D6 Discharge 3
LN out-

Figure 1-3. Control block diagram

Let’s follow the sequence operation in order. For the initial values,
the Enable terminal is at the “Low” level and the outputs of the 3
DCDCs are zero. Figure 1-4 shows the operation in the first step
when the power is turned ON. First, the “High” voltage is applied
to the Enable terminal to turn ON the power supplies. The “High”
voltage is applied to the EN pin of DCDC 1 via diode D1 and
DCDC 1 is turned ON. When the output voltage of DCDC 1
increases from 0 V to 1.2 V, the output voltage of Power Good 1
switches from “Low” to “High”. Then, the voltage is applied to the
EN pin of DCDC 2 on the next stage. In addition, since the “High”
voltage is applied to the IN pins of Power Good 3 and Power
Good 4 via diodes D2 and D4, the PGOOD pins (output) are
maintained at high impedance.

DCDC 1

5.0V ov-1.2v
Vin VIN  vouT ‘ Vours
5.0v 1.2v
L Reuor,
Enable — e ~SEN
D1 Discharge 1
IN ouT
Power Good 1
L"->"H"
PGOOD IN
Power Good 3
\V/ b2
PGOOD IN
ZS D3 || ReuLoown
DCDC 2 —
VIN VOUT ’ oV Vourz
3.3V
RPULLUP
EN
Discharge 2
IN OUT!
Power Good 2
PGOOD IN———
Power Good 4
V b4
PGOOD IN
ZX D5 RPULLDOWN
DCDC 3 =
VIN VOUT ’ ov Vours
R 1.5V
PULLUP
(|
N EN
D6 Discharge 3
IN ouT

Figure 1-4. Operation when the power is turned ON: First step
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Figure 1-5 shows the operation in the second step when the
power is turned ON. The “High” voltage is applied to the EN pin
of DCDC 2 and DCDC 2 is turned ON. When the output voltage
of DCDC 2 increases from 0 V to 3.3 V, the output voltage of
Power Good 2 switches from “Low” to “High”. Then, the voltage

is applied to the EN pin of DCDC 3 on the next stage.

5.0V DCbC 1 1.2V

Vin VIN  vouT ' Voury
5.0v 1.2v
" RPULLUP
Enable B EN
D1 Discharge 1
IN ouT
Power Good 1
PGOOD IN—
Power Good 3
\V/ b2
PGOOD IN
ZX D3 || ReuLoown
DCDC 2 —
VIN VOUT! ’ Vour2
0V-3.3V 3 3y
RPULLUP
EN
“L"»"H”
Discharge 2
IN OuUT
Power Good 2
Lo legoop Nk
Power Good 4
\/ b4
PGOOD IN
ZX D5 RPULLDOWN
DCDC 3 =
VIN VOUT! . o Vours
R 1.5V
PULLUP
|
N EN
D6 Discharge 3
IN ouT

Figure 1-5. Operation when the power is turned ON: Second

step

Figure 1-6 shows the operation in the third step when the power
is turned ON. The “High” voltage is applied to the EN pin of
DCDC 3 and DCDC 3 is turned ON. The output voltage of DCDC
3 increases from 0 V to 1.5 V and all of the 3 power supply

systems are now operating.

DCDC 1

5.0V 1.2V
;/ISV VIN  vouT ‘ \1/02u\}1
: - RPULLUP i
Enable B EN
D1 Discharge 1
IN ouT
Power Good 1
PGOOD IN
Power Good 3
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PGOOD IN
ZS D3 Reutioown
DCDC 2 —
VIN VOUT ’ Vourz
3.3V 33v
RPULLUP
EN
Discharge 2
IN OUT,
Power Good 2
PGOOD IN—
Power Good 4
V b4
PGOOD IN
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DCDC 3 =
VIN VOUT ’ V
OV-15V oy
Reuiiup )
(|
EN
Discharge 3
IN ouT

Figure 1-6. Operation when the power is turned ON: Third step
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Figure 1-7 shows the state of the main nodes when the power

supplies are operating.

Next, we follow the sequence operation when the power is
turned OFF in order. Figure 1-8 shows the operation in the first

step when the power is turned OFF. First, the “Low” voltage is

5oV pcbe 1 1oV applied to the Enable terminal to turn OFF the power supplies.
Vin VIN  VOUT Vours W o . ; ; i di
5.0v GR"”W 12v The “Low” voltage is applied to the EN pin of DCDC 3 via diode
”H” N ”H” H H “* b1l
Enable o EN D6 and DCDC 3 is turned OFF. At the same time, the “Low
D1 Discharge 1
H outl voltage is applied to the IN pin of Discharge 3 and the OUT pin
switches to low impedance. This causes a rapid transition of the
Power Good 1
Hlbcoop  NEH output voltage of DCDC 3 to 0 V. When the output voltage of
H DCDC 3 decreases, the output voltage of Power Good 4
Power Good 3 . ey » N ) .
oo VA switches from “High” to “Low”. Then, the voltage is applied to the
N D3E?Puwow EN pin of DCDC 2 and the IN pin of Discharge 2 on the previous
DCDC 2 — t
VIN VOUT! V stage.
ﬁ 33V 33y 9
RPuLLuP
H EN
Discharge 2 5.0V DCDC 1 12V
gy - V : - V,
BN out ™ o G VIN  vouT Vour
RPULLUP
R
Power Good 2 Enable M EN
Hlocoop mLH: D1 Discharge 1
IN ouT
oy
Power Good 4 XZ D4 Power Good 1
oy ",
PGOOD IN .
N DSERPULLDOWN PGOOD IN
DCDC 3 = HL
VIN  VOUT \Y Power Good 3
DR 15V 18y Y/ D2
PULLUP PGOOD IN
Mol Hlen N DalRPULLDOWN
D6 Discharge 3 DCDC 2 =
e N out " i VIN VOUT 33V Vour2
. 3.3V
RPULLUP
EN
Figure 1-7. State of main nodes when the power supplies are Discharge 2
operating IN ouT
Power Good 2
PGOOD IN———
L
Power Good 4
A
H-"" pGoop IN L
S ZX D5 RPULLDOWN
DCDC 3 =
VIN VOUT V
D 1EV-0V 15y
Rewor ‘
=L H=>"L e
D6 Discharge 3
H2LUING outH-L

Figure 1-8. Operation when the power is turned OFF: First step
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Figure 1-9 shows the operation in the second step when the
power is turned OFF. The “Low” voltage is applied to the EN pin
of DCDC 2 and DCDC 2 is turned OFF. At the same time, the
“Low” voltage is applied to the IN pin of Discharge 2 and the OUT
pin switches to low impedance. This causes a rapid transition of
the output voltage of DCDC 2 to 0 V. When the output voltage of
DCDC 2 decreases, the output voltage of Power Good 3
switches from “High” to “Low”. Then, the voltage is applied to the

EN pin of DCDC 1 and the IN pin of Discharge 1 on the previous

stage.
5.0V DCDC 1 ‘ 12v
Vin VIN  vouT Voury
5.0v 1.2v
L RPULLUP
Enable B EN
D1 Discharge 1
IN ouT
Power Good 1
PGOOD IN—
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Power Good 3
. \VA
H="L pGooD  IN R
ZX D3 || ReuLoown
DCDC 2 —
VIN VOUT! : Vour2
3.3V-0V 3.3y
RPULLUP
EN
H L Discharge 2
IN ouT
Power Good 2
PGOOD INF——
Power Good 4
\/ b4
PGOOD IN
ZX D5 RFULLDOWN
DCDC 3 =
VIN VOUT! . Vours
DR oV g1sv
PULLUP
|
N EN
D6 Discharge 3
IN ouT

Figure 1-9. Operation when the power is turned OFF: Second

step

Figure 1-10 shows the operation in the third step when the power
is turned OFF. The “Low” voltage is applied to the EN pin of
DCDC 1 and DCDC 1 is turned OFF. At the same time, the “Low”
voltage is applied to the IN pin of Discharge 1 and the OUT pin
switches to low impedance. This causes a rapid transition of the
output voltage of DCDC 1 to 0 V. All of the 3 power supply

systems are now turned OFF.

sov DCDC 1 1.2V-0V
;/,(NN VIN  vouT ‘ Y%l
- o ReuLiue A
Enable M EN
DL oo Discharge 1
IN ouT
Power Good 1
PGOOD IN
Power Good 3
Vo2
PGOOD IN
ZS D3 || ReuLLoown
DCDC 2 N
VIN  VOUT, ’ Vour2
i 0V 33v
RPULLUP
EN
Discharge 2
IN OUT!
Power Good 2
PGOOD INF——
Power Good 4
V b4
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ZX D5 || ReuLLoown
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I
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D6 Discharge 3
IN ouT|

Figure 1-10. Operation when the power supply is turned OFF:
Third step
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DCDC 1
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Figure 1-11. Example of a circuit that accomplishes the power supply sequence
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Example of circuit 1

Figure 1-11 shows an example of a circuit that accomplishes the
power supply sequence. The DCDCs in the 3 systems are
assumed to be switching regulators (DC/DC converters) or linear
regulators (LDO). The DCDCs feature an enable (EN) pin that
can control the ON/OFF of the output.

The Power Good blocks use voltage detector IC BD4142HFV to
perform the Power Good function. Figure 1-12 features the main
part. This IC is equipped with a built-in hysteresis comparator
with the detection voltage of 0.5 V. The detection voltage can be
set using an external resistor. The detection voltage Vpcoop can
be calculated with Equation 1-1.

Vegoop = R
3

x 0.5 [V] (1-1)

In the example shown in Figure 1-11, Vour: is 1.2 V and the
PGOOD of IC1 is set to output the flag when 90% of the output
voltage is reached. If the detection voltage is set to a higher
value such as 95%, the PGOOD output switches to “Low” when
the output voltage momentarily drops due to fluctuations in the
load, disadvantageously causing momentary interruptions to the
DCDCs in the subsequent stages. The detection voltage should
be determined after understanding the specifications of the
fluctuations in the load and the voltage drop. The detection
voltage at 90% is 1.2 V x 0.9 = 1.08 V. The resistor values can
be calculated from Equation 1 as follows.

(15 k2 + 82 2) + 13 K0

13 %0 x 0.5V =1.08 [V]

VpGoop =

Therefore, R2 is a series connection of 15kQ and 82Q and R3 is
13kQ.

o R
0.01pF
Power Good = Vecoon
R2
R3

Figure 1-12. Power Good function configured with BD4142HFV

Since the tolerance is +1.8% for the detection voltage of
BD4142HFV, the range of PGOOD is from 88.4% (= 90% x
0.982) to 91.6% (= 90% x 1.018). In addition, since the
hysteresis is 10 mV, the detection release voltage is 88.2% (=
90% x (0.5 V - 10 mV)/0.5 V) and the range is from 86.6% (=
88.2% x 0.982) to 89.8% (= 88.2% x 1.018).

To delay the PGOOD flag, connect a capacitor to the DLY pin.
The delay time and the capacitance can be calculated with
Equation 1-2.

_ tpELAY IF]
27 2x 106

(1-2)

On the other hand, the PGOOD IC2 and IC4 operate when the
power is turned OFF. The detection is released (the output of the
PGOOD switches from “High” — “Low”) when the output voltage
of the DCDCs decreases to approximately 0.5 V or lower.

The Discharge block is configured with transistors and resistors
as shown in Figure 1-13. The transistor in the first stage is a
simple inverter circuit, and the transistor in the second stage is
a switch of an open-collector. The resistance connected in series
to the collector is varied to adjust the fall time of the output
voltage.

DCDC 1
TVIN VOUT _T_" ___________ ‘.
L L !
~ |EN GND B §
L i
5V §
R3 i[|R4
10k [ ]100
R1 61> 3
N 47k 2 ! 01
o : EMX1
AR R ]

Figure 1-13. Discharge circuit

The diodes at various locations are components for creating
logic operations. Since the “Low” voltage needs to be maintained
low, Schottky barrier diodes with low forward voltages are used.
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Example of operation 1

Figure 1-14 shows an example of the operation of the circuit in
Figure 1-11. The voltage from the main power supply (Vin 5.0 V)
is always applied. To turn ON the power, switch the Enable pin
from “Low” to “High”. Then, the output is turned ON in the order
of Voutl, 2, and 3 according to the specification initially created.
Next, to turn OFF the power, switch the Enable pin from “High”
to “Low”. The output is turned OFF in the order of Vout3, 2, and
1.

: TTTTT]
> 3 Enable
(&)

g 2
S

0

6

5

= Vin 5.0V
Vour1 1.2V

4 Vourz 3.3V
E " Vours 1.5V
(6]

23
S
>

2

AN
0 5 10 15 20
Time [ms]

Figure 1-14. Operation waveforms of the power supply

sequence

In this way, the power supply sequence can be accomplished
without using any dedicated power supply sequence IC, by using
general purpose power supply ICs that do not have the Power
Good output or an output discharge function required for the

sequence control.
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Power supply sequence specification 2

In this example, we introduce the circuit design for the power
supply sequence of 3 systems.
The specifications of the input and output voltages are shown

below.

Vin: 5.0V

Vourti: 1.2V
Vourz: 1.5V
Vours: 3.3V

Figure 2-1 shows the power supply tree diagram. In this example,
the circuit is configured with 3 power supply ICs. The power
supply ICs are assumed to be switching regulators (DC/DC
converters) or linear regulators (LDO). As a function of the power
supply IC, an enable pin that can control the ON/OFF of the

output is required.

The power shall be turned ON in the order of Vourl, 2, and 3,
and be turned OFF in the order of Vourl, 2, and 3 as well. Figure

2-2 shows the schematic diagram.

V.
5V pcpcl — Youn
1.2V
+—| pcpc2 |— Vour
1.5V
v
L1 pcpc3 — Vours
3.3V

Figure 2-1. Power tree

VOUT3: 3.3V

Vourz: 1.5V

Vours: 1.2V

OUTPUT VOLTAGE

t

Figure 2-2. Schematic diagram of the power supply sequence
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Control block diagram 2

Figure 2-3 shows the control block diagram. DCDC 1, DCDC 2,
and DCDC 3 are the power supply ICs of 3 systems. Each output
is controlled by the enable (EN) pin. Power Good 1 and 2 monitor
the output voltage of the DCDCs when the power is turned ON,
and output the “High” signal to the DCDC to be turned ON next
when the output voltage reaches the target voltage. In addition,
when turning the power OFF, the “LOW?” signal is output to the
DCDC to be turned OFF next when the target dropped voltage
is reached. The Discharge blocks ensure the normal operation
of the power supply sequence by rapidly discharging the electric
charges stored in the output capacitor of the DCDCs to decrease
the voltage when the power is turned OFF. Note that, in this block
diagram, the logic is designed as Active High between EN and
VOUT of the DCDC blocks, between IN and PGOOD of the
Power Good blocks, and between IN and OUT of the Discharge
blocks. In addition, the PGOOD pin (output) of the Power Good
blocks and the OUT pin of the Discharge blocks are of the open-

collector or open-drain type.

DCDC 1
5.0V ov
Vin VIN  VOUT ’ Vours
5.0V GR 1.2v
PULLUP
Enable L L EN
Discharge 1
(KN outl
Power Good 1
i PGOOD IN—”L”
DCDC 2
VIN VOUT ’ Vourz
GR oV qsv
PULLUP
L len
Discharge 2
i IN ouT v
Power Good 2
L lpcoop  INFE]
DCDC 3
VIN VOUT! ’ Vours
GR 0V 33v
PULLUP
L len
Discharge 3
LN out

Figure 2-3. Control block diagram

Let’s follow the sequence operation in order. For the initial values,
the Enable terminal is at the “Low” level and the outputs of the 3
DCDCs are zero. Figure 2-4 shows the operation in the first step
when the power is turned ON. First, the “High” voltage is applied
to the Enable terminal to turn ON the power supplies. The “High”
voltage is applied to the EN pin of DCDC 1 and DCDC 1 is turned
ON. When the output voltage of DCDC 1 increases from 0 V to
1.2V, the output voltage of Power Good 1 switches from “Low”
to “High”. Then, the voltage is applied to the EN pin of DCDC 2

on the next stage.

5.0V DCDC 1 0Vo1.2V
Vin VIN  vouT ' Vour,
5.0v ﬁ R 1.2V
R PR
Enable EN
Discharge 1
IN ouT|
Power Good 1
“L">"H”
PGOOD IN
DCDC 2
VIN VOUT! ’ Vourz
oV 1sv
RPULLUP
EN
Discharge 2
IN ouT
Power Good 2
PGOOD IN[—
DCDC 3
VIN VOUT ’ V
o gy’
Reutiue :
EN
Discharge 3
IN OUT,

Figure 2-4. Operation when the power is turned ON: First step

© 2019 ROHM Co., Ltd.

10/16

No. 62ANOO8E Rev.001
AUGUST 2019



Power Supply Sequence Circuit with General Purpose Power Supply IC Application Note

Figure 2-5 shows the operation in the second step when the
power is turned ON. The “High” voltage is applied to the EN pin
of DCDC 2 and DCDC 2 is turned ON. When the output voltage
of DCDC 2 increases from 0 V to 1.5 V, the output voltage of
Power Good 2 switches from “Low” to “High”. Then, the voltage

is applied to the EN pin of DCDC 3 on the next stage.

5.0V DCDC 1 12V
Vin VIN  VOUT ’ Vours
5.0V GR 1.2v
”H" PULLUP
Enable EN
Discharge 1
IN ouT
Power Good 1
PGOOD IN——
DCDC 2
VIN VOUT ’ \%
OV-15V 4 gy
Reuciue ’
EN
o
Discharge 2
IN ouT
Power Good 2
“L">"H”
PGOOD IN=—
DCDC 3
VIN VOUT . Vours
GR oV 33v
PULLUP
EN
Discharge 3
IN ouT

Figure 2-5. Operation when the power is turned ON: Second

step

Figure 2-6 shows the operation in the third step when the power
is turned ON. The “High” voltage is applied to the EN pin of
DCDC 3 and DCDC 3 is turned ON. The output voltage of DCDC
3 increases from 0 V to 3.3 V and all of the 3 power supply

systems are now operating.

5.0V DCDC 1 1.9V
Vin VIN  VOUT ' Vour,
5.0V ﬁ R 1.2v
"H” PULLUP
Enable EN
Discharge 1
IN ouT
Power Good 1
PGOOD IN
DCDC 2
VIN VOUT . Vourz
1.5V 45y
Reuiup :
EN
Discharge 2
IN OUT!
Power Good 2
PGOOD IN——
DCDC 3
VIN VOUT! . V
V=33V 33y
Reutiup -
EN
“L">"H”
Discharge 3
IN ouT

Figure 2-6. Operation when the power is turned ON: Third step
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Figure 2-7 shows the state of the main nodes when the power

supplies are operating.

50V DCDC 1 12v
:';/ISV VIN  VOUT ‘ :/%uvn
: GRPULLUP ’
Enable — 1 Hen
Discharge 1
TN out
Power Good 1
H pcoop  INpH]
DCDC 2
VIN VOUT! ’ Vour2
15V 18y
ReuLiup ’
H EN
Discharge 2
N out
Power Good 2
Hlocoon  mLH:
DCDC 3
VIN VOUT ’ V.
33V g3v
Reuciue ’
HEn
Discharge 3
TN out

Figure 2-7. State of main nodes when the power supplies are

operating

Next, we follow the sequence operation when the power is
turned OFF in order. Figure 2-8 shows the operation in the first
step when the power is turned OFF. First, the “Low” voltage is
applied to the Enable terminal to turn OFF the power supplies.
The “Low” voltage is applied to the EN pin of DCDC 1 and DCDC
1 is turned OFF. At the same time, the “Low” voltage is applied
to the IN pin of Discharge 1 and the OUT pin switches to low
impedance. This causes a rapid transition of the output voltage
of DCDC 1 to 0 V. When the output voltage of DCDC 1
decreases, the output voltage of Power Good 1 switches from
“High” to “Low”. Then, the voltage is applied to the EN pin of
DCDC 2 and the IN pin of Discharge 2 on the next stage.

5.0V DCDC 1 1.2V-0V
Vin VIN  VOUT ' Vour,
5.0V 1.2v
A Reguve,
Enable — “SlEN
Discharge 1
IN ouT
Power Good 1
HooL
PGOOD IN
DCDC 2
VIN VOUT . Vourz
1.5V 45y
Reuiup :
EN
Discharge 2
IN OUT!
Power Good 2
PGOOD IN——
DCDC 3
VIN VOUT! . V
33V 33y
Reutiup -
EN
Discharge 3
IN ouT

Figure 2-8. Operation when the power is turned OFF: First step
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Figure 2-9 shows the operation in the second step when the
power is turned OFF. The “Low” voltage is applied to the EN pin
of DCDC 2 and DCDC 2 is turned OFF. At the same time, the
“Low” voltage is applied to the IN pin of Discharge 2 and the OUT
pin switches to low impedance. This causes a rapid transition of
the output voltage of DCDC 2 to 0 V. When the output voltage of
DCDC 2 decreases, the output voltage of Power Good 2
switches from “High” to “Low”. Then, the voltage is applied to the
EN pin of DCDC 3 and the IN pin of Discharge 3 on the next

stage.

50V DCDC 1 ov
Vin VIN  VOUT ‘ Vouri
G RFULLUF

5.0v 1.2v

oL
Enable EN

Discharge 1

IN ouT

Power Good 1

PGOOD IN——

DCDC 2

VIN VOUT
GRPULLUP

EN

v
1.5V-0V 4 gy

“HL
Discharge 2

IN ouT

Power Good 2

“H->"L”
PGOOD IN—

DCDC 3
VIN  VOUT | Vours
ﬁ RPULLUP

33V 33y

EN

Discharge 3
IN ouT

Figure 2-9. Operation when the power is turned OFF: Second

step

Figure 2-10 shows the operation in the third step when the power
is turned OFF. The “Low” voltage is applied to the EN pin of
DCDC 3 and DCDC 3 is turned OFF. At the same time, the “Low”
voltage is applied to the IN pin of Discharge 3 and the OUT pin
switches to low impedance. This causes a rapid transition of the
output voltage of DCDC 3 to 0 V. All of the 3 power supply

systems are now turned OFF.

5.0V DCDC 1 oV
Vin VIN  VOUT ' Voury
5.0V ﬁ 1.2v
oL RPULLUP
Enable EN
Discharge 1
IN ouT
Power Good 1
PGOOD IN
DCDC 2
VIN VOUT! ’ Vourz
GR oV 1y
PULLUP
EN
Discharge 2
IN ouT|
Power Good 2
PGOOD IN——
DCDC 3
VIN VOUT! ’ Vouts
3.3V-0V 33y
ReuLiue .
EN
oL
Discharge 3
IN ouT

Figure 2-10. Operation when the power is turned OFF: Third
step
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DCDC 1
5V(I)':/ T VIN  VOUT}—- \1/?\;1
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Enable EN GND
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R4 R5
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O 6915 |3
100k 2 Q1
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| vee 1 9.1k | |47k
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Figure 2-11. Example of a circuit that accomplishes the power supply sequence
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Example of circuit 2

Figure 2-11 shows an example of a circuit that accomplishes the
power supply sequence. The DCDCs in the 3 systems are
assumed to be switching regulators (DC/DC converters) or linear
regulators (LDO). The DCDCs feature an enable (EN) pin that
can control the ON/OFF of the output.

The Power Good block is configured with a non-inverting
hysteresis comparator as shown in Figure 2-12, and the
comparator IC BA8391G is used for the device. A large
hysteresis voltage is provided between the detection voltage
when turning ON the power (V) and the detection voltage when
turning OFF the power (VL). This enables a single device to
detect both voltages when turning the power ON and OFF to
output the control signals.

Vee _T_C1 ’
T

[] ReuLiue 5] BA8391G

PGOOD <—¢—— 4]out

Vi, Vi

Figure 2-12. Power Good function configured with a non-

inverting hysteresis comparator

First, we look at VH, the detection voltage when turning ON the
power. In the example shown in Figure 2-11, Vout1 is 1.2 V and
the PGOOD IC1 is set to output the flag when 90% of the output
voltage is reached. The detection voltage Vuis 1.2 V x 0.9 =
1.08 V. Next, Vi, which is the detection voltage when turning
OFF the power, is set to 0.5 V. At this voltage, parasitic elements
generally will not be turned ON even if reverse voltage is applied
between the power supplies.

The threshold voltage of the comparator (VTH) is set to the
midpoint between Vi and VL as shown in Figure 2-13. The value
can be calculated with Equation 2-1.

PGOOD

Vi Vg V4

Figure 2-13. Hysteresis voltage

In the circuit diagram shown in Figure 2-12, VtH is expressed by
Equation 2-2. Converting this to the equation for R2 gives

Equation 2-3.
Vry = Ri+R, X Vee [V] (2-2)
Ry X V.
= ——= [q] (2-3)

2" Vee — Vru

When Ry is 47kQ and Vcc is 5 V, Rz is 8.8kQ according to the
following equation. Select the nominal resistor value of 9.1kQ
from the E24 series.

_4TkQ X 0.79V

2= W = 8.8k} = 9.1k

To cancel the input bias current, select R3 so as to have the
same impedance as the inverting pin. The value is 7.6kQ
according to Equation 2-4, so select the nominal resistor value
of 7.5kQ from the E24 series.

j— 1 p—
Ry=3—"7=—73 1

t 910

7.6kQ) = 7.5kQ (2-4)

R,TR, %7kQ

The general calculations for obtaining Vu and V. of a non-
inverting hysteresis comparator are described by Equations 2-5
and 2-6. Converting these to the equations for R4 and ReuLLup
gives Equations 2-7 and 2-8.

_ (Rz3+Ry) XR,y

H —mXVcc 4 (2-5)

_ (R3+ Ry + Rpyrryp) X Vg — Rz X Ve

Vy = V) v 14 .
Vrn = % +V, V] (2-1) t R4 + Rpyrrup v] (2-6)
Q0805 L hs=079v
= D= R, X Rz XV,
2 Ry = RalicRalics [0] (2-7)
(Ry + Ry) X Vy — Ry X V¢
© 2019 ROHM Co., Ltd. No. 62ANOOSE Rev.001
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Ry X (Vry —Vee) + Ry X (Vpy — V)
V, —Vry

(V] (2-8)

RpyLiup =

Substitute the constants obtained above into Equations 2-7 and

2-8 to determine the remaining values.

9.1kQ x 7.5kQ x 5V

Re = 7RO T 9.1k0) x 1.08V = 9.1kQ x 57
= 22.6kQ = 22kQ (2-9)
7.5kQ x (0.79V — 5V) + 22kQ x (0.79V — 0.5V)
Rpyriup =

0.5V —0.79V

= 86.9k0 = 91k (2-10)
The Discharge block is configured with transistors and resistors
as shown in Figure 2-14. The transistor in the first stage is a
simple inverter circuit, and the transistor in the second stage is
a switch of an open-collector. The resistance connected in series

to the collector is varied to adjust the fall time of the output

voltage.
DCDC 1
TVIN VOUT _TI_' ___________ ‘.
L L !
~ |EN GND B
L !
5V
R3 i[]R4
10k | |47
R1 o 3
100k 2 “ o1
o . [EMXL
100K T 12

Figure 2-14. Discharge circuit

Example of operation 2

Figure 2-15 shows an example of the operation of the circuit in
Figure 2-11. The voltage from the main power supply (Vin 5.0 V)
is always applied. To turn ON the power, switch the Enable pin
from “Low” to “High”. Then, the output is turned ON in the order
of Voutl, 2, and 3 according to the specification initially created.
Next, to turn OFF the power, switch the Enable pin from “High”
to “Low”. The output is turned OFF in the order of Vourl, 2, and
3.

4
- RERRRR
=3 Enable
(0]
52
S

0

6

5

- Vin 5.0V
Vour1 1.2V

4 Vourz 1.5V
=, Vours 3.3V
>3
[
22 11T
>

2

. \
1 A \
‘ \
0 [
0 5 10 15 20

Time [ms]

Figure 2-15. Operation waveforms of the power supply

sequence

In this way, the power supply sequence can be accomplished
without using any dedicated power supply sequence IC, by using
general purpose power supply ICs that do not have the Power
Good output or an output discharge function required for the

sequence control.
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/

www.rohm.com
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