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How to Cascade Multiple UCD90xxx Sequencers

Yihe Hu

ABSTRACT

The UCD90xxx family of digital power supply sequencers, also known as system health monitors are
flexible and powerful enough to meet users sequencing, monitoring, margining, and other needs. Tl's
Fusion Digital Power™ designer is a dedicated Graphical User Interface (GUI) tool that helps users
configure and monitor UCD90xxx sequencers and health monitors with limited coding knowledge.

In the advanced application, the system requires more rails than a single UCD90xxx can support.
Therefore, multiple UCD90xxx devices are required. This document is to describe how to cascading
multiple to ensure that proper sequencing across these devices.
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1 Function Required for Cascading

The following features are required to implement cascading among multiple UCD90xxx devices:

1.1 Logical Controlled GPO (LGPO)
All UCD90xxx devices have a feature called logic general-purpose output (LGPO). General-purpose 1/0Os
(GPIO) can be configured as outputs that are based on the Boolean combination of up to two ANDs,
ORed together as shown in Figure 1. Inputs to the logic blocks can include the first 8 defined LGPOs,
general-purpose inputs (GPI), and rail-status flags. One rail status type is selectable as an input for each
AND gate.
GPLINVERT(0) |
GPI_POLARITY(0) 3
GPI_ENABLE(0) |
&PI) 1 / | —GPIO) AND_INVERT(0)
i _GPI(1'7)—
_— _GPO(0)
Sub-block repeated for each of GPI(1:7) GPoUI 71 0
_STATUS(0:10)—
_STATUS(11)
GPO_INVERT(0) :
GPO_ENABLE(0) |
GPO(0) ! :
; GPO_POLARITY(x)
Sub-block repeated for each of GPO(1:7) OR_INVERT(X)
There is one STATUS_TYPE_SELECT for 1
eacfa_?fthe AND gates in a Boolean block. l
STATUS_TYPE_SELECT(x,0) STATUS(0) @_‘:lﬂx
——
Status Type 1
(POWER_GOOD); 5 STATUS(1)
| N
. . . _GPI(0:7)—
. Sub-block repeated for each of STATUS(0:10) _GPO(0:7) | 1
STATUS_INVERT(11) |
; _STATUS(Q:11)—
Status TypeN I STATUS_ENABLE(1) | AND_INVERT(1)
1 ./ |
STATUS(11) _STATUS(11)
Figure 1. Boolean Logic Combination
With LGPO function, a proper signal can be generated based on the rail status from any given UCD90xxx
device in the chain. So the other UCD device can determine this if the signal is connected to GPI pins.
Figure 2 and Figure 3 demonstrates how to configure a GPIO to output when all rails are reaching
POWER_GOOD and POWER_GOOD_OFF, respectively.
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43 GPO Config - UCD90320 @ PMBus Address 17d

.

Giick to ALB
change gate

Mo GPIs, rails, or fans have been added to this AND path. Click the
Cenfigure link to edit,

AND Path #1 Con
POWER_GOOD Rail #1 Rail #3

Rail %2
AND Path #2 Configure

oK )

UCD90320 @ 17d Pin #97 (Pin 97)

[] Enable State Machine Mode ]

0.0 EI msec

[T] pelay when Asserting

P,

Delay Time:

[ ] pelay when De-asserting
[ tgnore Inputs during delay

h F

Polarity: Cutput Mode:
(®) Active Low (7) Actively Driven
(C) Active High (®) Open-Drain

Note: Polarity defines cutput voltags level when
the logic evalustion result s TRUE{active]. In
open-drain mode, High-level cutput means
the cutput pin i in Hi-Z stat=; = pullup
resistor is required to make the cutput level
High.

Figure 2. System POWER_GOOD Logic Builder

‘6‘ GPO Config - UCD90320 @ PMBus Address 17d

AND Path #1 Configure
powEeR_GooDfNOTRrail #1 Rail =3

MNOTRail #2
AND Path #2 Configure
Mo GFIs, rails, or fans have been added to this AND path. Click the
Configure link to edit.

Sl fo A+B

UCDS0320 @ 17d Pin #97 (Pin 97)

[T Enable State Machine Mode

UU : msec

[[] pelay when Asserting

Delay Time:

] Delay when De-asserting
[] 1gnare Inputs during delay

Polarity: Cutput Mode:
(=) Active Low () Actively Driven
() Active High (*) Open-Drain

Notez: Polarity defines cutput voltage level when
the logic evalustion result s TRUE(active). In
open-drain mede, High-level output means
the cutput pin is in Hi-Z state; 2 pull-up
resistar is required to make the cutput level
High.

Figure 3. System POWER_GOOD_OFF Logic Builder
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Sequencing On and Off Dependencies

The other important feature to cascade is the sequencing on and off dependencies (Figure 4). Those rails
that have dependencies will not be on or off, unless the dependencies are met.

Table 1. Sequencing Dependencies Events

Event Rail GPI LGPO
Sequence ON condition | Voltage monitoring: Other monitoring: EN ASSERTEDW The logic output is
met Above POWER_GOOD | signal is asserted TRUE

threshold

Sequence OFF
condition met

Voltage monitoring:
Below

Other monitoring: EN

DE-ASSERTED®

The logic output is
FALSE

signal is de-asserted
POWER_GOOD_OFF
threshold

@ The input signal is ASSERTED if it matches the defined active polarity, otherwise it is DEF-ASSERTED.

[SequencingDependencies [+]
— Rail Seq On Dependencies—— — GPI Seq On Dependencies
[ ]GPI #1(4GPIOTL)

[] 2. ova_FIXED_8&D [] GPI £2 {5 GPIOZ)

[]3. 1v2_sDs5as6D [ GP1 #3 (6 GPIO3)
[]4. 1v1_spss16C [ GP1 #4 (7 GPIO4)

[] 5. ove_avTT_86CD Chedc Al Unchedk A

[]&. oves_spss1sD
[]7. 1v1_sDss18D
[1s. w2 sD5a16D
[]9. ove_HMce

[] 10. ovs6_SD5816C
Chedk All  Uncheck A

— Rail Seq Off Dependencies—; — GPI Seq Off Dependencies
[]GP1 #1 (4 GPIOT)

[] 2. ova_FIXED_8&D [] GPI £2 {5 GPIOZ)

[]3. 1v2_sDs5as6D [ GP1 #3 (6 GPIO3)
[]4. v1_spss1sC [ GP1 #4 (7 GPIO4)

[] 5. ove_avTT_86CD Chedc Al Unchedk A

[]&. oves_snsa1aD
[]7. 1vi1_sDss16D
[1s. w2 sDsa1sD
[]9. ove_HMce

[] 10. ove6_SD5816C
Check all L

nchedk A

Figure 4. Sequencing On and Off Dependencies
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UV, GPI Fault Response

All analog Monitor pin can be used to monitor digital signal such as POWER_GOOD output from other
devices. A proper external voltage divider is required to meet the ADC reference. The de-assertion of a
POWER_GOOD output can trigger a UV fault of the next device. When device detects the UV fault, the
UV fault response of the rail can be configured to shut down other rails controlled by the same UCD90xxx
device via setting other rails as fault shutdown slaves of the faulted rail.

Fault Shutdown Slaves |

If Rail #1 shuts down due to a fault, turn off these rails as well:
Rail #2 Rail #3 Rail #4 Rail #5 Rail #6 Rail #7 Rail #3 Rail #3 Rail #10 [v] Rail #11
Rail #12 [v] Rail #13 [v] Ral #14 [v]Rail £15 [v] Rai £16 [v] Rail #17 [v] Rail #18 [v] Rail £19 [v] Rail 220 [v]Rail £21 [v] Rail 222
Rail #23 [v] Rail #24 [v] Ral #25 [«]Rail £26 [v]Ral #27 [v] Rail #28 [v] Rail #29
Check All Uncheck A

Figure 5. Fault Shutdown Slaves

The UCD9090A, UCD90160A, UCD90240, and UCD90320 devices support GPI fault response; therefore,
the POWER_GOOD output signal can be connected to GPI instead of MON to save the MON for normal
monitoring. The de-assertion of the POWER_GOOD output can trigger GPI fault on the next device. The
fault response of the GPI fault can be configured to shut down rails controlled by the same device.
Configure the GPI fault response as shown in the following paragraphs. There are some differences to set
the GPI fault response between the UCD9090A, UCD90160A and the UCD90240, UCD90320.

For the UCD9090A and UCD90160A, the Fault response is centralized at GPI configure as shown in
Figure 6. Only one GPI can be assigned to have Fault response.

But for UCD90240 and UCD90320 devices, the Fault response is separated into two places. The user first
must enable the GPI Fault Enable feature on the GPI Configure as shown in Figure 7. Next, select the
corresponding response for the given rail as shown in Figure 8. All GPI can be assigned to have the fault
response function.
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Confiqure
GP1 Polarity: ote: Polarity defines output voltage level when the
O Activell logic evaluation result is TRUE(active). In
£L0 open-drain mode, High-evel output means
: : the output pin is in Hi-Z state; a pull-up
@ Active High resistor is required to make the output level
{GP.

“When this bit is;zt, the de-assertion of the GPI is treated as
fault and can shutdown rails if together either "Fault Shutdown
Rails" or "Fault Pin” bit is also set.

=[] Latched Statuses Clear Source

i = e

e

I e

e

Fault Shutdown rails

When a GPO uses a latched status type (_LATCH) , you can
configure a GPI that will dear the latched status.

[[] mnput Source for Margin Enable

When the Margin Enable pin is asserted, this pin determines if the
margined state is low or high.

[T] tnput Source for Margin Low/Not-High

Whgn ﬂ'rispm_ is asserted, allraﬂs_ with margining enabled will be

When this bit and the GPI Fault Enable bit are set, the
de-assertion of the GP1 is treated as fault and can be used to
shutdown rails according to the below Fault Responses setting

e -4 |-

How device responses to GPI fault:
Max glitch time: 0.5 @ ms

Resequence: Enabled; Gitch fiter: Disabled; Response: Shut
dowin immediately; Restart: Do not restart

When pin has fault, vill shut down these rais:

[[JRrRalot [JRaio2 [~] Railo3 [7] Railo4
[JRrRalos [JRralos []Ralo7 [] Rai08
] Rralos [ Rail 10

— Options

[T] Enable glitch filter
If checked, when the fault is first detected the device
continues operation for the per-rail GPI max glitch time,
Disabled. If the fault is still present after this time, the
figured below is taken,

If checked, when the retries have been exhausted the
assodated rail and any Fault Slaves will be shutdown in a
manner based on the Response selected, There wil be a
delay, and then all of those rails will be re-sequenced.

— Rer'r_u\nc

() 1gnore fault and continue operation
(®) shut down immediately
(O) shut Down with delay configured using TOFF_DELAY

— Restart:

(s) Do notrestart
The unit does not attempt to restart. The output remains
disabled until the fault is deared.

1 times

The device attempts to restart up to the specified number of
times, with a maximum of 14 restarts permitted.
If the device fails to restart in the allowed number of retries,
it disables the output and remains off until the fault is deared.
The time between each restart attempt is configured globally
for the rail

1f configured to restart and the rail does not come back within
regulation, the TON_MAX fault response will apply.

The device attempts to restart continuously, without
limitation, until it is commanded OFF (by the CONTROL pin or
OPERATION command or both), bias power is removed, or
another fault condition causes the unit to shut down.

Figure 6. GPI Fault Response for UCD9090A and UCD90160A
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Note: Polarity defines output voltage level when the logic evaluation

- - result is TRUE(active). In open-drain mode, High-level output

(&) Active Low means the output pin is in Hi-Z state; a pul-up resistor is
required to make the output level High.

(O Active High

When this bit is ;et, the de-assertion of the GPIis treated as fault and can be
used to shutdown rails.

[] Latched Statuses Clear Source

When a GPO uses a latched status type (_LATCH) , you can configure a GPI that
will dear the latched status.

[] 1nput Source for Margin Enable
When the Margin Enable pin is asserted, this pin determines if the margined state
is low or high.

[] Input Source for Margin Low/Not-High
When this pin is asserted, all rails with margining enabled will be put in a margined
state (low or high).

[] configured as Sequendng Debug Pin
Input pin can be used to put device in Debug Mode. If pin is selected and is
asserted, device shall not assert PMBus Alert pin for any faultsfwarnings, not
response to any faults, and not log any faults (exduding fault reported in
STATUS_CML register such as Invalid Command, PEC Fault, etc.). This function is
[ mainly used for debugging purpose only. Itis not recommended in the final
. production

! [T] configured as Fault Pin

) Configure this input pin as fault-influenced outputs. The state of the outputis
determined by any faults occured on selected rails
1

Figure 7. GPI Fault Response For UCD90240 and UCD90320 - Step 1
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[ Enable giitch fiter

If checked, when the fault is first detected the device
continues operation for the per-rail GPT max glitch time,
Disabled. TF the faultis stll present after this time, the
response configured below s taken.

[] Enable re-sequencing
If checked, when the refries have been exhausted the
assodated rall and any Fault Slaves wil be shutdown in a
manner based on the Response selected. There wil be 3
delay, and then all of those rails will be re-sequenced.

tinue operation

() shut Down with delay configured using TOFF_DELAY

1.4

Do not restart
The unit does not attempt to restart. The output remains
disabled untl the fault is deared.

times
The device attempts to restartup to the specified number of
times, with a maximum of 14 restarts permitied.
If the device fails to restart in the alowed number of retries,
it disables the output and remains off unt the fault is deared.
The fime between each restart attempt is configured lobally
for the ral, and is currently set to 0 ms,
If configured to restart and the rai does not come back within
regulation, the TON_MAX fault response wil apply.

The device attempts to restart continuously, without
finitation, until it is commanded OFF (by the CONTROL pin or
OPERATION command or both), bias power is removed, or
another fault condition causes the unit to shut down.

e | 29 Dt changss | S nint s | B | . enwtisng
Configure. [ Hardware || Rail Configuration | Global Configuration |
| Rail Contiguration | s
| copyfclonerais | :na e Current, Tempersture limits and e o o
Voltage fault max glitch time 0.0 5] meec
Lo Non-voltage fault max gltch me: 0[] msec
(ON_OFF CONFIG,
rail is commanded Fault Glitch Filter Re-Sequence Response Restart
i VoutOverVoltage  Disabled o Ionore N €
VoutUnder Voltage Disabled No Ignere N/A E
Tout Over Current Disabled No Ignore NjA E
loutUnder Current  Disabled o Ignore wa g ©
® Ciba Over Temp Disabled No Ignore N/A
asserted (SMEALERT_MASK, Ox18). Refer to Time On Max Disabled No Ignore N/A E
PMBus Spacification document for format
detail.
‘GPI Fault Responses
GPlsusedto  GPI#2 GPr#l Max glitch time: 0.0 5 msec
selectprofie iy [ |osa..[] Block out period: 0.000 5 msec
Num Profiles P 2 1
GPI2 GPI1 Pprofile Index Used
Gesmar desmerl0 0 0|0
desssert |asmet |1 1 1 0
sser | desssar |2 2 o [3
e et 3 |2 [t e
| Fault Glitch Filter | Resequence Response Restart
GPI #01 Disabled No Ignore N/A Ec
GPI #02 Disabled No Ilanore N/A Ec
GPI #03 Disabled No Ianare N/A Ec
GPI #04 Disabled No Shut down immediately Do rotrestart Ec
GPI #05 Disabled No Ianare N/A Ec
GPI #08 Disabled No Ilanore N/A _Ec
GPIL #07 Disabled No Ignore /A JEc.
GPI 08 Disabled No Ignore /A Edit
GP1#09 Disabled No Ignere NjA Edit
GP1#10 Disabled No Ignere N/A Edit
GPI#11 Disabled No Ignere NjA Edit
GP1s12 Disabled o 1gnore A Edit
GPI £13 Disabled No Ignore N/A Edit

Figure 8. GPI Fault Response for UCD90240 and UCD90320 - Step 2

Fault Pin

The UCD9090A, UCD90160A, UCD90240, and UCD90320 devices support the FAULT PIN feature. Fault
pin is a bi-directional signal and can form a fault bus when pulled up to 3.3 V. When there is no fault on a
Fault Bus, the Fault Pins are digital input pins and respond to the Fault Bus. When one or multiple UCD
devices detect a rail fault, the corresponding Fault Pin is turned into active driven low state, pulling down
the Fault Bus and communicating to all other UCD devices of the corresponding fault. This way, a
coordinated action can be taken across multiple devices. After the fault is cleared, the state of the Fault
Pin of the given device is turned back to an input pin. There are some differences to set GPI fault
response between the UCD9090A, UCD90160A devices and the UCD90240, UCD90320 devices.

For the UCD9090A and UCD90160A devices, only one GPI pin can be assigned as FAULT PIN, the
configuration of the fault pin is shown in Figure 9. For the UCD90240 and UCD90320 device, the fault pin
configuration is separated at three places. Please follow Figure 10 to enable the GPI fault and Fault Pin
(UCD90320 Only). Figure 11 demonstrates how to configure a Fault pin, for UCD90240, the Fault pin
selection is done at this step. Once previous two steps, please follow Figure 8 to configure the

corresponding fault response for the fault pin.
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-
GP1 g Note: Polarity defines output voltage level when the
logic evaluation result is TRUE(active). In
open-drain mode, High-evel output means.
the output pin is in Hi-Z state; a pull-up
resistor is required to make the output level
High.

Must check this box .. () GPI Fault Enable
When this bitis set, the de-assertion of the GPIis treated as
fault and can shutdown rails if together either "Fault Shutdown

Rais" or "Fault Pin” bit is also set. 8
[] Latched Statuses Clear Source — opt
When a GPO uses a latched status type (_LATCH) , you can [ Enable ghtch fiter

configure 2 GPI that will dear the latched status.
fa I checked, when the fauit s first detected the device

[} input Source for Margin Enable continues operation for the per-rai GPI max glitch time,
When the Margin Enable pin is asserted, this pin determines if the Disabled, rfﬂnefaitssligresenla&e: this time, the
margined state is low or high. t?ehwrs taken,

[ Input Source for Margin Low/Not-High
fii e K, ol Wit o oy wil be assodated ral and any Fault Slaves will be shutdown in a

AR Sk (os otbich); manner based on the Response selected, There will be a
delay, and then all of those rais will be re-sequenced.

(%) Ignore fault and continue operation

O shutdown
(©) Shut Down with delay configured using TOFF_DELAY
the output is determined by any faults occured on selected rais — Restart
Configure which rails impact Blrato:, Mrsoe Elridos Bl raos
Fault pin out €= Draios Dreics [Jraior [ raios
[Jratos [ Rai10

)

How device responses o Input pulled low:
Max gltch time: 0.0 ms
Resequence: Disabled; Glitch fiter: Disabled; Response:

Ignore; Restart: N/A

When pin has fault wil shutdown these rals:

.

Configure which rails respoEd

b [ Rrai [ Rai [7] rai [¥] Rai
the external Fault event ot 02 03 [ Ralos

[[ratos [JRaios []Ralo7 [] Ral0s
[Jralos [ Rai10

Figure 9. Fault Pin Configuration for UCD9090A and UCD90160A
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Confiqure |

GPIPolarity:  Note: Polarity defines output voltage level when the
logic evaluation result is TRUE(active). In
open-drain mode, High-evel output means
the output pin is in Hi-Z state; a pull-up
resistor is required to make the output level
High.

GPI Fault Enable

When this bit is set, the de-assertion of the GP1 is treated as

fault and can be used to shutdown rails.

I é Enable GPI fault

[] Latched Statuses Clear Source
When a GPO uses a latched status type (_LATCH) , you can
configure a GPI that will dear the latched status.

[7) 1nput Source for Margin Enable
When the Margin Enable pin is asserted, this pin determines if the
margined state is low or high.

[7] 1nput Source for Margin Low/Not-High
When this pin is asserted, all rails with margining enabled will be
put in a margined state (Jow or high).

the output is determined by any faults occured on selected rails

Configure GPI as Fault
Pin(UCD90320 Only)

Figure 10. Configure Fault Pin UCD90240 and UCD90320 - Step 1

(Rail Config |[Hardware Configuration | Giobal Configuraton | (A8 Contfig |

[ Global Ce

Fault Pins Config

Enable Fauk Log: Select which faults wil gat written to the
detad faukt kog n non-volatie flash memory. Because there is
2 ma to the total number of faulls that can be logged in
detai, use this settng 1o log the most criteal fauls i your
system.

Pin # Enable Pin Sel

Misc Config: Resequance options, enable Brownout, set Fauk
Log FIFO Scheme. manually set temperature. enable Sync
Clock between devices, and set ADC Reference.

System Reset: allows device to provide an external reset
signal to the system. This signal can b based on tme, the
powar-good state of selactad rais, the stats of salsctad GPI
pins, or 3 combination of these things.. This ensures that key
devices are heid in reset untl other dependent devices (ea
peripherais) are fully powered.

Fages

System Walchdog: keeps a meout countar running. That
counter is reset when the watchdog input (WD) pin is
toggled or when the SYSTEM_WATCHDOG_RESET command
s written.

o1 E [ 0 G € 6 0 6 @ 6 0 G 0 6 6 6 G 6 6 0 6 6 © Ei 6 6 G E

Pin Selected Rad States: use up to 3 GPI pins to determine
the state of the rais # rals’ ON_OFF_CONFIG are configured
using OPERATION command.

01 [© [ 01 £ © [0 [ (61 6 © 0 6 6 6 00 [0 6 616 © © 616 6 6 0

Run Tma Clock: the time kept by this clock is used within
data flssh-based fauk koging to note the tme that a fault
occured. You can sync the device chock to PC. mimicing
techniques your host micracontroller might use.

Figure 11
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This Read/Write block command
determined by a selection of GPIs and
5 3 GPI and once there s fault inside:

configures the function of a given fault pin. This command allows pins to be configured as faultnfluenced outputs. The state of the output pin is

‘any fauits of a selection of rails. The same fauit pin could alsa be configured as GPI pin. In this way, when there is no fault, the pin behaves
the system, this pinis changed to a fault pin and output a signal based on the configuration

. Configure Fault

Pin UCD90240 and UCD90320 - Step 2
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2 Cascading Multiple UCD90xxx

There are many different ways to cascade multiple UCD90xxx devices, which is up to system power
sequencing requirements.

Cascading Multiple UCD90xxx

2.1 Only Power On Sequencing is Required

For systems where only the power-on sequencing among multiple UCD90xxx devices is a concern, the
following connection description works well.

An LGPO pin can be used to coordinate multiple controllers by using it as a POWER_GOOD output from
one device and connecting it to the PMBUS_CNTRL pin of another. Connect the POWER_GOOD signal
of the last UCD in the chain back to either MON/GPI pin of the first UCD. This imposes a master and
slave relationship among multiple devices. During startup, the slave controllers initiate their start
sequences after the master has completed its start sequence and all rails have reached regulation
voltages. During shutdown, as soon as the master starts to sequence-off, it de-asserts the
POWER_GOOD signals to its slaves. A shutdown on one or more of the master rails can initiate
shutdowns of the slave devices. The master shutdowns can be initiated intentionally or by a fault
condition. This method works to coordinate multiple controllers. The fault on slaves cannot only shutdown
its own rails, but also de-assert the POWER_GOOD signal to shutdown the rails of other slaves. For the
last devices in the chain, when there is a fault, it de-asserts the POWER_GOOD signals. The first (master)
device in the chain will treat this as a UV fault (connected on the MON pin). A proper fault response could
be set to shutdown rails. The other option here is to use GPI instead of the MON pin. GPI fault response
is available on the UCD9090A, UCD90160A, UCD90240, and UCD90320. Therefore, GPI can be used for
those devices to achieve the same function if there are not enough MON pins left. For this configuration
the power-off sequencing is not ensured since all rails controlled by multiple UCDs will be sequenced off
together. If there is a requirement for the power down sequence to cross different devices, this
configuration may not be applicable.

MON/

GPI
UCD90XXX_1 UCD90XXX_2 UCD90XXX_3
POWER_EN PMBUS GPIo POWER_GOOD PMBUS Pl POWER_GOOD PMBUS GPIO POWER_GOOD
_CTRL _CTRL CTRL

Copyright © 2017, Texas Instruments Incorporated

Figure 12. POWER_GOOD Cascading Case 1

Another method to cascade multiple devices is to connect the power-good output of the first device to a
MON/GPI pin of the second device; connect the power-good output of the second device to a MON/GPI
pin of the third device, and so on. Optionally, connect the power-good output of the last device to a MON
pin of the first device. The rails controlled by a device have dependency on the power-good output of the
previous device. This way, the rails controlled by multiple devices can be sequenced. Also, the de-
assertion of a power-good output can trigger a UV fault of the next device. The UV fault response can be
configured to shut down other rails controlled by the same device. This way, when one rail has a fault
shutdown, rails controlled by other devices can be shut down accordingly. Optionally, connect to the GPI
pin instead of the MON pin if the UCD9090A, UCD90160A, UCD90240, and UCD90320 devices are used
in the cascading method to save the MON pin for other uses.
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MON/ POWER_GOOD MON/ POWER_GOOD‘ MON/
GPI GPIO GPI GPIO GPI
UCD9OXXX_1 UCD90XXX_2 UCD90XXX_3
POWER_EN PMBUS PMBUS PMBUS GPIO POWER_GOOD
_CTRL _CTRL "|_CTRL

2.2

2.3

Figure 13. Power Good Cascading Case 2

Both Power On and Off Sequencing Are Required

The 2 use-cases in Section 2.1 do not ensure the power down sequence since there is no such
information communicated among the devices. To ensure that the first rail on is the last one off among
multiple devices, an additional LGPO pin is required. The new LGPO pin outputs a POWER_GOOD_OFF
when all the rails controlled by the same devices are below the POWER_GOOD_OFF threshold,
indicating that the rails are properly shutdown. The upstream UCD can take this signal from downstream
UCD as sequencing off dependencies via the GPI pin. When the hosts de-assert the POWER_EN pin to
power down the whole system, the rails controlled by the last UCD in the chain will be off first. All rails
controlled by the first (master) UCD start shutting down its rails when all slave rails are off. This can
ensure a proper shutdown sequence.

MON/ 5PIO POWER_GOOD | \1n/ SPIO POWER_GOOD | 1Ny

GPI GPI GPI
POWER_GOOD POWER_GOOD
GPIO Je—=2F GPIO GPI f—=2F GPIO

UCD90XXX_1 UCD90XXX_2 UCD90XXX_3

POWER_GOOD

POWER_EN PMBUS PMBUS PMBUS

—CTRL _CTRL _CTRL GPIO

Figure 14. POWER_GOOD and POWER_GOOD_OFF Cascading

Fault Pin Cascading
The UCD9090A, UCD90160A, UCD90240, and UCD90320 devices have a new feature “Fault Pin”.

The Fault pin is a bi-directional signal and can form a fault bus when pulled up to 3.3 V. When there is no
fault on a Fault Bus, the Fault Pins are digital input pins and listen to the Fault Bus. When one or multiple
UCD devices detect a rail fault, the corresponding Fault Pin is turned into active driven low state, pulling
down the Fault Bus and informing all other UCD devices of the corresponding fault. This way, a
coordinated action can be taken across multiple devices. The action is programmable. After the fault is
cleared, the state of the Fault Pin is turned back to an input pin. The fault pin cascading connection does
not provide power on or power off dependencies among multiple UCD devices, but it lets multiple devices
response to the same fault event.

12

How to Cascade Multiple UCD90xxx Sequencers SLVA902-August 2017

Submit Documentation Feedback
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA902

13 TEXAS
INSTRUMENTS

www.ti.com

Conclusion

V3_3

POWER_EN

UCD90XXX_1

PMBUS
_CTRL

Fault
Pin

UCD90XXX_2

PMBUS

_CTRL

Fault

Pin

UCD90XXX_3

PMBUS
_CTRL

Fault

Pin

GPIO

3 Conclusion

Figure 15. Fault Pin Cascading

The UCD90xxx family provides versatile approaches for users to implement cascading multiple devices.
The best approach can be selected based on the power requirements and sequencer solution of the

system.

SLVA902-August 2017

Submit Documentation Feedback

Copyright © 2017, Texas Instruments Incorporated

How to Cascade Multiple UCD90xxx Sequencers 13


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA902

IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	How to Cascade Multiple UCD90xxx Sequencers
	1 Function Required for Cascading
	1.1 Logical Controlled GPO (LGPO)
	1.2 Sequencing On and Off Dependencies
	1.3 UV, GPI Fault Response
	1.4 Fault Pin

	2 Cascading Multiple UCD90xxx
	2.1 Only Power On Sequencing is Required
	2.2 Both Power On and Off Sequencing Are Required
	2.3 Fault Pin Cascading

	3 Conclusion

	Important Notice

