TPS2320, TPS2321

DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

features
® Dual-Channel High-Side MOSFET Drivers

D OR PW PACKAGE

(TOP VIEW)

GATE1 110 16 [T DISCH1

GATE2 12 15 [T DISCH2

DGND 13 14 7T ENABLE

TIMER 1] 4 13 [T FAULT

VREG [CI]5 1217 ISET1

AGND I} 6 11 [T ISET2
ISENSE2 147 10 [T IN2
ISENSE1 1] 8 913 N1

® [N1:3Vtol3V; IN2:3Vtio55V

® Inrush Current Limiting With dv/dt Control

® Independent Circuit-Breaker Control With
Programmable Current Limit and Transient
Timer

® CMOS- and TTL-Compatible Enable Input

® | ow, 5-pA Standby Supply Current . .. Max

® Available in 16-Pin SOIC and TSSOP
Package

® —40°C to 85°C Ambient Temperature Range

® FElectrostatic Discharge Protection

applications

® Hot-Swap/Plug/Dock Power Management
® Hot-Plug PCI, Device Bay
® Electronic Circuit Breaker

description

The TPS2320 and TPS2321 are dual-channel

hot-swap controllers that use external N-channel

MOSFETs as high-side switches

in power

applications. Features of these devices, such as

overcurrent protection (OCP),

inrush-current

control, and separation of load transients from
actual load increases, are critical requirements for
hot-swap applications.

typical application

NOTE: Terminal 14 is active high on TPS2321.
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The TPS2320/21 devices incorporate undervoltage lockout (UVLO) to ensure the device is off at startup. Each
internal charge pump, capable of driving multiple MOSFETSs, provides enough gate-drive voltage to fully
enhance the N-channel MOSFETs. The charge pumps control both the rise times and fall times (dv/dt) of the
MOSFETSs, reducing power transients during power up/down. The circuit-breaker functionality combines the
ability to sense overcurrent conditions with a timer function; this allows designs such as DSPs, that may have
high peak currents during power-state transitions, to disregard transients for a programmable period.

AVAILABLE OPTIONS

PIN PACKAGES
TA HOT-SWAP CONTROLLER DESCRIPTION

COUNT ENABLE ENABLE
Dual-channel with independent OCP and adjustable PG 20 TPS2300IPW TPS2301IPW
Dual-channel with interdependent OCP and adjustable PG 20 TPS2310IPW TPS2311IPW

L TPS2320ID TPS2321ID

—40°C to 85°C N

Dual-channel with independent OCP 16 TPS23201IPW TPS23211PW

. . . TPS2330ID TPS2331ID
Single-channel with OCP and adjustable PG 14 TPS2330IPW TPS23311PW

tThe packages are available left-end taped and reeled (indicated by the R suffix on the device type; e.g., TPS2321IPWR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

Jard warranty. Prodi
testing of all parameters.

pr ing does not r ily include

{'3 TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright 00 2001, Texas Instruments Incorporated



TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

functional block diagram
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Terminal Functions
TERMINAL
110 DESCRIPTION
NAME NO.
AGND | Analog ground, connects to DGND as close as possible
DGND | Digital ground
DISCH1 16 O | Discharge transistor 1
DISCH2 15 O | Discharge transistor 2
ENABLE/ ENABLE 14 | Active low (TPS2320) or active high enable (TPS2321)
FAULT 13 O | Overcurrent fault, open-drain output
GATE1 O | Connects to gate of channel 1 high-side MOSFET
GATE2 O | Connects to gate of channel 2 high-side MOSFET
IN1 | Input voltage for channel 1
IN2 10 | Input voltage for channel 2
ISENSE1 | Current-sense input channel 1
ISENSE2 | Current-sense input channel 2
ISET1 12 | Adjusts circuit-breaker threshold with resistor connected to IN1
ISET2 11 | Adjusts circuit-breaker threshold with resistor connected to IN2
TIMER O | Adjusts circuit-breaker deglitch time
VREG 5 O | Connects to bypass capacitor, for stable operation
‘Ui TEXAS
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

detailed description

DISCH1, DISCH2 — DISCH1 and DISCH2 should be connected to the sources of the external N-channel
MOSFET transistors connected to GATE1 and GATE2, respectively. These pins discharge the loads when the
MOSFET transistors are disabled. They also serve as reference-voltage connections for internal gate
voltage-clamp circuitry.

ENABLE or ENABLE — ENABLE for TPS2320 is active low. ENABLE for TPS2321 is active high. When the
controller is enabled, both GATE1 and GATE2 voltages will power up to turn on the external MOSFETs. When
the ENABLE pin is pulled high for TPS2320 or the ENABLE pin is pulled low for TPS2321 for more than 50 ps,
the gate of the MOSFET is discharged at a controlled rate by a current source, and a transistor is enabled to
discharge the output bulk capacitance. In addition, the device turns on the internal regulator PREREG (see
VREG) when enabled and shuts down PREREG when disabled so that total supply current is much less than
5 pA.

FAULT — FAULT is an open-drain overcurrent flag output. When an overcurrent condition in either channel is
sustained long enough to charge TIMER to 0.5V, the overcurrent channel latches off and pulls FAULT low. The
other channel will run normally if not in overcurrent. In order to turn the channel back on, either the enable pin
has to be toggled or the input power has to be cycled.

GATE1, GATE2 — GATE1 and GATEZ2 connect to the gates of external N-channel MOSFET transistors. When
the device is enabled, internal charge-pump circuitry pulls these pins up by sourcing approximately 15 pA to
each. The turnon slew rates depend upon the capacitance present at the GATE1 and GATE2 terminals. If
desired, the turnon slew rates can be further reduced by connecting capacitors between these pins and ground.
These capacitors also reduce inrush current and protect the device from false overcurrent triggering during
powerup. The charge-pump circuitry will generate gate-to-source voltages of 9 V-12 V across the external
MOSFET transistors.

IN1, IN2 — IN1 and IN2 should be connected to the power sources driving the external N-channel MOSFET
transistors connected to GATE1 and GATEZ2, respectively. The TPS2320/TPS2321 draws its operating current
from IN1, and both channels will remain disabled until the IN1 power supply has been established. The IN1
channel has been constructed to support 3-V, 5-V, or 12-V operation, while the IN2 channel has been
constructed to support 3-V or 5-V operation

ISENSE1, ISENSE2, ISET1, ISET2 — ISENSE1 and ISENSE2, in combination with ISET1 and ISET2,
implement overcurrent sensing for GATEL and GATEZ2. ISET1 and ISET2 set the magnitude of the current that
generates an overcurrent fault, through external resistors connected to ISET1 and ISET2. An internal current
source draws 50 pA from ISET1 and ISET2. With a sense resistor from IN1 to ISENSE1 or from IN2 to ISENSE2,
which is also connected to the drains of external MOSFETSs, the voltage on the sense resistor reflects the load
current. An overcurrent condition is assumed to exist if ISENSEL1 is pulled below ISET1 or if ISENSE2 is pulled
below ISET2.

TIMER — A capacitor on TIMER sets the time during which the power switch can be in overcurrent before turning
off. When the overcurrent protection circuits sense an excessive current, a current source is enabled which
charges the capacitor on TIMER. Once the voltage on TIMER reaches approximately 0.5 V, the circuit-breaker
latch is set and the power switch is latched off. Power must be recycled or the ENABLE pin must be toggled
to restart the controller. In high-power or high-temperature applications, a minimum 50-pF capacitor is strongly
recommended from TIMER to ground, to prevent any false triggering.
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

detailed description (continued)

VREG - VREG is the output of an internal low-dropout voltage regulator, where IN1 is the input. The regulator
is used to generate a regulated voltage source, lessthan 5.5V, for the device. A 0.1-uF ceramic capacitor should
be connected between VREG and ground to aid in noise rejection. In this configuration, upon disabling the
device, the internal low-dropout regulator will also be disabled, which removes power from the internal circuitry
and allows the device to be placed in low-quiescent-current mode. In applications where IN1 is less than
5.5V, VREG and IN1 may be connected together. However, under these conditions, disabling the device will
not place the device in low-quiescent-current mode, because the internal low-dropout voltage regulator is being
bypassed, thereby keeping internal circuitry operational. If VREG and IN1 are connected together, a 0.1-uF
ceramic capacitor between VREG and ground is not needed if IN1 already has a bypass capacitor of 1 pF to

10 pF.

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Input voltage range: V|(|N1)1 V|(|SENSE1)7 V|(|SET1)1 Vl(ENABLE) ....................... -0.3Vto1l5V
VI(IN2)! VI(ISENSEZ)’ VI(ISET2)' VI(VREG) .......................... -0.3Vto7V

Output voltage range:  VO(GATEL) -+« v v v rrrrrme ettt -0.3Vto30V
VO(GATEZ) .................................................. —-0.3 Vto 22V

VO(DlSCHl)! VO(FAULT)’ VO(DlSCHZ)’ VO(TIMER)' ............... —-0.3Vto 15V

Sink current range:  IGaTE1L IGATE2 IDISCHTL, IDISCH2 - -+« « v reeie i 0 mA to 100 mA
TIMER: IFAULT - v e O mAto 10 mA

Operating virtual junction temperaturerange, Ty .............. ... . ...
Storage temperature range, Tstg ......................................
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............ ... .ccoviiiiiii...

—40°C to 100°C
—55°C to 150°C
260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and

functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltages are respect to DGND.

DISSIPATION RATING TABLE

PACKAGE Tp <25°C DERATING FACTOR Tp =70°C Tp = 85°C
POWER RATING  ABOVE Tp =25°C  POWER RATING POWER RATING
PW-16 823 mw 10.98 mw/°C 329 mw 165 mwW
D-16 674 mW 8.98 mW/°C 270 mw 135 mw
recommended operating conditions
MIN NOM MAX| UNIT
Y, v LV 3 13
Input voltage, V ION1): VIISENSE1): VIISET1) v
VI(IN2). VIISENSE2). VI(ISET2): VI(VREG) 3 5.5
Operating virtual junction temperature, T -40 100 °C

‘5’ TeEXAS
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

electrical characteristics over recommended operating temperature range (—40°C < Tp < 85°C),
3V <=V|n1) s13V, 3V sV|n2) < 5.5V (unless otherwise noted)

general
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
liuN1)  Input current, IN1 VI(ENABLE) = 5 V (TPS2321), 0.5 1 mA
l(IN2) Input current, IN2 VI(ENABLE) =0V (TPS2320) 75 200 HA
| Standby current (sum of currents into IN1, IN2, VI(ENABLE) = 0V (TPS2321), 5 A
I(stby)  |SENSEL, ISENSE2, ISET1, and ISET2) VI(ENABLE) =5 V (TPS2320) K
GATE1l
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VG(GATE1_3V) | 500 A Vi(NL) =3V 9 115
I(GATE1) = nA, —
VG(GATEL_4.5v) | Gate voltage D(ISCHl c))pen Vi(N1) =45V 105 145 \
VG(GATE1_10.8V) Vi(N1) = 10.8V 16.8 21
Clamping voltage, GATE1
VC(GATEL) to DISCH1 9 10 2 v
3VsVIN1) =132V, 3V<sVQ(VREG)<55V,
| Source current, GATEL - 10 14 20 A
S(GATEL) VI(GATE1) = VI(IN1) + 6V H
Sink current, GATEL 3V<ViNy) <132V, 3V<VO(VREG) <55 V. 50 75 100 pa
VI(GATE1) = VI(IN1)
V|(|N1) =3V 0.5
t(GATEL) Rise time, GATE1 Cgto GND = 1 nF (see Note 2) | V|N1)=4.5V 0.6 ms
V(N =108V 1
Viny) =3V 0.1
tf(GATEL) Fall time, GATE1 Cg to GND = 1 nF (see Note 2) | V|N1)=4.5V 0.12 ms
Vi(N1) = 10.8 V 0.2
GATE2
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V V =3V 9 11.7
G(CATEZ_3V) Gate voltage l(GATE2) = 500 nA, DISCH2 open I(IN2) \
VG(GATE2_4.5V) VI(IN2) =45V 105 147
Clamping voltage,
VC(GATE2) GATE2 to DISCH2 9 10 2 v
Source current, 3V<sV|(IN2)s55V, 3V<SVQWVREG)<55V,
'S(GATE2) GATE? VI(GATEZ) = Vi(N2) * 6V S Bt
Sink current, GATE2 3Vs< Vl(INZ_) <55V, 3Vs< VO(VREG) <55V, 50 75 100 WA
VI(GATE2) = VI(IN2)
o Cqto GND=1nF [VigN2)=3V 0.5
9
tr(GATE2) Rise time, GATE2 (see Note 2) ViiNz) = 45V 00 ms
= VO(VREG) =3V
Fall ti GATE2 Cg to GND =1 nF V|(|N2)—3V 0.1
tf(GATE2) all ime, (see Note 2) Vi(Nz) = 45V 0.12 me

NOTE 2: Specified, but not production tested.
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TPS2320, TPS2321

DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

electrical characteristics over recommended operating temperature range (—40°C < Tp < 85°C),
3V <=Vny) s13V, 3V =V|(N2) 5.5V (unless otherwise noted) (continued)

TIMER
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VOoT(TIMER)  Threshold voltage, TIMER 0.4 0.5 0.6 \Y
Charge current, TIMER VI(TIMER) =0 V 35 50 65 HA
Discharge current, TIMER VI(TIMER) =1V 1 25 mA
circuit breaker
PARAMETER TEST CONDITIONS MIN  TYP MAX| uNIT
VIT(CB) Undervoltage voltage, circuit breaker RIsSeTx = 1 kQ 40 50 60 mVv
IIBISENSEx) Input bias current, ISENSEx 0.1 5 MA
Discharge current, GATEXx VoGATE) =Y 200 800 mA
VO(GATEx) =1V 25 150
¢ Propagation (delay) time, comparator inputs to | Cy = 50 pF, 10 mV overdrive, 13 S
pd(CB) gate output (50%1010%)  CTIMER = 50 pF H
ENABLE, active low (TPS2320)
PARAMETER TEST CONDITIONS MIN TYP MAX]| UNIT
VIH(ENABLE) High-level input voltage, ENABLE 2 \%
VIL(ENABLE) Low-level input voltage, ENABLE 0.8 \Y
R|(ENABLE) Input pullup resistance, ENABLE See Note 3 100 200 300 kQ
{d_offENABLE) Turnoff delay time, ENABLE ) e, 20 mY overaive ?st:;eﬁgﬁeldé) 60 us
'd_on(ENABLE) Turnon delay time, ENABLE 2 glﬁI%i)n?ee,czrgas\?goegz\r,\ilvf?getrl\elzPeOIZd); 125 us
NOTES: 2. Specified, but not production tested.
3. Testlp of ENABLE at Vi(ENABLE) = 1 V and 0 V, then Ri(ENABLE) = 7 ovl_v'o -
ENABLE, active high (TPS2321)
PARAMETER TEST CONDITIONS MIN TYP  MAX]| UNIT
VIH(ENABLE) High-level input voltage, ENABLE 2 \%
VIL(ENABLE) Low-level input voltage, ENABLE 0.7 \
RI(ENABLE) Input pulldown resistance, ENABLE 100 150 300 kQ
'g_on(EnBLE) Tumon delaytme, ENABLE | VAR T e ot 2 85 ps
'd_off(ENABLE) Turnoff delay time, ENABLE o fBalﬁEi)rfgczrgar?\r;goegg\r,\ilvsetc()spetg Noto lzd); 100 us
NOTE 2: Specified, but not production tested.
PREREG
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VREG PREREG output voltage 4.5<V|IN1) s 13V 35 4.1 5.5 \%
Vdrop_PREREG  PREREG dropout voltage Vi(IN1) =3V 0.1 \%

%’ TeEXAS
INSTRUMENTS
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

electrical characteristics over recommended operating temperature range (—40°C < Tp < 85°C),
3V <=V|n1 s13V, 3V <V|n2) < 5.5V (unless otherwise noted) (continued)

VREG UVLO
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
VOT(UVLOstart)  Output threshold voltage, start 275 285 295 \
VOT(UVLOstop) ~ Output threshold voltage, stop 265 278 \
Vhys(UVLO) Hysteresis 50 75 mV
UVLO sink current, GATEx VI(GATEx) =2V 10 mA
FAULT output
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
VO(sat)(FAULT)  Output saturation voltage, FAULT lo=2mA 0.4 \
likg(FAULT) Leakage current, FAULT VO(FAULT) =13V 1 MA
DISCH1 and DISCH2
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
IDISCH Discharge current, DISCHx V|(DISCHx) = 1.5V, V|(vIN1) =5V 5 10 mA
VIH(DISCH) Discharge on high-level input voltage 2 \
VIL(DISCH) Discharge on low-level input voltage 1 \Y
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C - M

ARCH 2000 — REVISED MARCH 2001

AL LA st R
- Load 12Q
VI(ENABLE) [
5 Vidiv [
VO(GATEL) [ /
10 V/div [ /
VO(DISCH1) E /
5 Vidiv [
t — Time — 10 ms/div
Figure 1. Turnon Voltage Transition of
Channel 1
Load 5Q
VI(ENABLE) |
5 Vidiv |
:iiii T ii‘/riiii:iiii A iiii:
VO(GATE2) | / T ]
10 V/div F T ]
Vo(piscH2) | /

5Vidiv

PARAMETER MEASUREMENT INFORMATION

t — Time — 10 ms/div

Figure 3. Turnon Voltage Transition of
Channel 2

Load 12 Q

VI(ENABLE) |

5Vidiv |

VO(GATEL)

10 V/div |

VO(DISCHI) E \ ¥
5 V/div

t — Time — 10 ms/div

Figure 2. Turnoff Voltage Transition of

Channel 1

Load 5Q

VI(ENABLE) F

5V/divE

Vo(GATE2) |

10 V/div

Vo(iscH2) f

5 V/div |

t — Time — 10 ms/div

Figure 4. Turnoff Voltage Transition of
Channel 2
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

PARAMETER MEASUREMENT INFORMATION

: T No Capacitor ] _ T ]
VI(ENABLE) | T on Timer 4 VIENABLE) L 4 .
5 Vidiv | I ] 5 Vidiv [ I No Capacitor
¥ I VO(GATEY) F T on Timer §
T 10 Vidiv | T —
/; I ]
VO(GATED) | o R
10V/diV:llllllllllllIIIIIIII::Illllllllllllllllll_ -||||||||||||llllllll::llll1_v_v_' T r:
Vo(FauLT) ~ ] VorAuLT) | + :
10 vrdiv | I 1 10 vidiv | + :
loouT) f ///\ ] loouTa) | \ T ]
2 Aldiv T ] 2 Aldiv I ;
t —Time — 5 ms/div t —Time — 1 ms/div
Figure 5. Channel 1 Overcurrent Response: Figure 6. Channel 1 Overcurrent Response: an
Enabled Into Overcurrent Load Overcurrent Load Plugged Into the Enabled Board
C T No Capacitor 4 [ No Capacitor I
VI(ENABLE)F + on Timer — [ on Timer T
5 Vidivi T 1 VIENABLE) | T
" . 5 V/div [ I
I 1 VO(GATE2) F T
T 1 10 v/div | +
VO(GATE2) | //1 . I
10V/div:llllIIIIIIIIIIIIIIII::IIIIIIIIIIIIIIIIIIII: _IIIIIIIIIIII||||llll__llllllllllllllllllll_
VO(FAULT) [ I 1 VorauLT) [ T
10 v/div | I ] 10 v/div | T
lo(ouT?) F A /\ 1 loouTt) [ I
oaan [ i 1 e | T
t—Time — 2 ms/div t — Time — 0.5 ms/div
Figure 7. Channel 2 Overcurrent Response: Figure 8. Channel 2 Overcurrent Response: an
Enabled Into Overcurrent Load Overcurrent Load Plugged Into the Enabled Board
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

VI(ENABLE) |
5 V/div |

VO(GATED) |
10 Vidiy [HHHTHHT T

VO(FAULT) L
10 vidiv |

lont) E
2 Aldiv |

PARAMETER MEASUREMENT INFORMATION

No Capacitor
on Timer

A

t—Time — 1 ms/div

Figure 9. Channel 1 — Enabled Into Short

Circ

uit
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on Timer
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i,
5 Vv/djy T
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t — Time — 1 ms/div

Figure 10. Channel 2 — Enabled Into Short Circuit

C ; - A
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Figure 11. Channel 1 — Hot Plug Figure 12. Channel 1 — Hot Removal
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

PARAMETER MEASUREMENT INFORMATION
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Figure 13. Channel 2 — Hot Plug
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Figure 14. Channel 2 — Hot Removal
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TPS2320, TPS2321

DUAL HOT SWAP POWER CONTROLLERS

WITH INDEPENDENT CIRCUIT

SLVS276C — MARCH 2000 — REVISED MARCH 2001

BREAKER

TYPICAL CHARACTERISTICS

SUPPLY CURRENT (ENABLED)
VS

SUPPLY CURRENT (ENABLED)

VS
VOLTAGE VOLTAGE
52 T T T T 715 T T T
IN2=55V | | | y IN1=13v ‘
51 Ta = 85°C
A / 71 Ta =0°C /
< 50 | / < ! e
< | / / S Ta =—-40°C /
| Ta=25C /4 I 705 I I
- 49 i 7 N Ta = 25°C —|
] P ]
5 48 £ 70
2 < 85°C
5 < o 5 TA = °
EQ 47 TAl— 0°C g. 69.5
| |
o 46 Tp =-40°C o
/ = 69
45 /‘
44 ,/ 68.5
43 68
4 5 6 7 8 9 10 11 12 13 14 25 3 35 4 45 5 5.5
V|1 - Input Voltage 1 -V V|2 — Input Voltage 2 -V
Figure 15 Figure 16
SUPPLY CURRENT (DISABLED) SUPPLY CURRENT (DISABLED)
VS VS
VOLTAGE VOLTAGE
] U T aC 23 , , ,
IN2=5.5V A= INL=13V
14 | 7z 21
T = 25°C
| 19 Tp =85°C
13 7 T
< < \
c Tp =—40°C
| Al | T N A Tp =—40°C — |
4 N
- 12 / T T N \<
é / Tp =0°C 5 15 D N
s n 7 5 \
O N
5 5 13
g 10 5 \
I n 11
2, & NN
- 9 | TA —|0 C
8 /4 7 Tp =25°C —]
7 5 | |
4 5 6 7 8 9 10 11 12 13 14 25 3 35 4 4.5 5 55
V|1 —Input Voltage 1 -V V)2 — Input Voltage 2 -V
Figure 17 Figure 18
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TPS2320, TPS2321

DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

Vo — GATEL Output Voltage — V

tf — GATEL Voltage Fall Time —ms

TYPICAL CHARACTERISTICS

GATEL VOLTAGE
VS

INPUT VOLTAGE

22 T T T T T | |
C = 1000 pF
L(GATEL) p | A |: 85°C
20 Tp = 25°C
Ta =0°C

18
16
14
12 "4
10

2 3 4 5 6 7 8 9
V|1 — Input Voltagel -V

10 11 12

Figure 19

GATE1 VOLTAGE FALL TIME
VS
GATE1 LOAD CAPACITANCE

4 T
INL=12V
Ta =25°C
3 A
2 /
1 //
0
0 3 6 9 12
CL(GATE1) — GATEL Load Capacitance —nF
Figure 21

ty — GATE1 Voltage Rise Time —ms

| — GATEL Current — pA

GATE1 VOLTAGE RISE TIME
VS
GATE1 LOAD CAPACITANCE

18 T
INL=12V
Ta =25°C /
15 //
12 /
9 //
6 /
3 /
0
0 3 6 9 12
CL(GATEL) — GATEL Load Capacitance — nF
Figure 20
GATE1 OUTPUT CURRENT
'S
GATE1 VOLTAGE
15
7\
14.5 7 /“\\
. T 71\
Ta =-40°C / \\
Ta =85°C
13.5 —
/ Ta = 25°C \
13 Ta =0°C \
12.5
12
115 |IN1=13V
nl | ||

14 15 16 17 18 19 20 21 22 23 24

V — GATEL1 Voltage
Figure 22
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CIRCUIT-BREAKER RESPONSE

TYPICAL CHARACTERISTICS

LOAD VOLTAGE 1 DISCHARGE TIME

Vs Vs
TIMER CAPACITANCE LOAD CAPACITANCE
12 T 320 T
INL=12V INL=12V /
‘7’1 Ta=25C 280~ lo1=0A 7
. Ta = 25°C /
E o / w 240 /
) €
2 I
(] 4
) I—
o 6 / & 160
2 / 2 /
& ° /
o / o 120
= a /
3 |
8 +—
o 3 80 /
|
3 /
= 40
0 0
0 0.2 0.4 0.6 0.8 1 0 100 200 300 400 500
CTIMER — TIMER Capacitance — nF C| - Load Capacitance — puF
Figure 23 Figure 24
UVLO START AND STOP THRESHOLDS
Vs
TEMPERATURE
2.9
>
I 2.88
©
2 2.86
@ ' Start
F 284 =
O —
=
> 282
D
()
g 28
o
>
° 2.78 Stop
[&]
T 276 =
3
& 274
|
T 272
>
2.7

—45-35-25-15-5 5 15 25 35 45 55 65 75 85 95
Ta — Temperature — °C

Figure 25
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

APPLICATION INFORMATION

typical application diagram

Figure 26 shows a typical dual hot-swap application. The pullup resistor at FAULT should be relatively large
(e.g., 100 kQ) to reduce power loss, unless it is required to drive a large load.

System I Board
! RSENSE1L
3V O13VINL V,
| AT 1¥? RPN
I /‘TL\ RISETL /—Tx—\
I
I
I 0.1 pF
| /_[_\ VREG IN1 ISET1 ISENSE1 GATE1 DISCH1
I ENABLE ——— ENABLE FAULT FAULT
DGND TPS2321
I —[T AGND
I _L TIMER IN2 ISET2 ISENSE2 GATE2 DISCH2
I
I /_TL\ RISET2 VoiorVoz
I
| 144
3VO55VIN2 — _T_ i Vo2
| 1 pF 010 uF RSENSE2 +
I

T T

Figure 26. Typical Dual Hot-Swap Application
input capacitor

A 0.1-pyF ceramic capacitor in parallel with a 1-uF ceramic capacitor should be placed on the input power
terminals near the connector on the hot-plug board to help stabilize the voltage rails on the cards. The
TPS2320/01 does not need to be mounted near the connector or to these input capacitors. For applications with
more severe power environments, a 2.2-uF, or higher, ceramic capacitor is recommended near the input
terminals of the hot-plug board. A bypass capacitor for IN1 and for IN2 should be placed close to the device.

output capacitor

A 0.1-pF ceramic capacitor is recommended per load on the TPS2320/21; these capacitors should be placed
close to the external FETs and to TPS2320/21. A larger bulk capacitor is also recommended on the load. The
value of the bulk capacitor should be selected based on the power requirements and the transients generated
by the application.

external FET

To deliver power from the input sources to the loads, each channel needs an external N-channel MOSFET. A
few widely used MOSFETs are shown in Table 1. But many other MOSFETs on the market can also be used
with TPS23xx in hot-swap systems.
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

APPLICATION INFORMATION

Table 1. Some Available N-Channel MOSFETs

CURRE’EI;) RANGE PART NUMBER DESCRIPTION MANUFACTURER

IRF7601 N-channel, rpg(on) = 0.035 Q, 4.6 A, Micro-8 International Rectifier

Oto2 MTSF3NO3HDR2 | N-channel, rpg(on) = 0.040 Q, 4.6 A, Micro-8 ON Semiconductor
MMSF5NO02HDR2 | Dual N-channel, rpg(on) = 0.04 Q, 5 A, SO-8 ON Semiconductor
IRF7401 N-channel, rpg(on) = 0.022 Q, 7 A, SO-8 International Rectifier

2105 MMSF5NO2HDR2 | N-channel, rpg(on) = 0.025 Q, 5 A, SO-8 ON Semiconductor
IRF7313 Dual N-channel, rps(on) = 0.029 Q, 5.2 A, SO-8 International Rectifier
S14410 N-channel, rpg(on) = 0.020 Q, 8 A, SO-8 Vishay Dale

510 10 IRLR3103 N-channel, rpg(on) = 0.019 Q, 29 A, d-Pak International Rectifier
IRLR2703 N-channel, rpg(on) = 0.045 Q, 14 A, d-Pak International Rectifier

timer

For most applications, a minimum capacitance of 50 pF is recommended to prevent false triggering. A capacitor
should be connected between TIMER and ground. The presence of an overcurrent condition on either channel
of the TPS2320/TPS2321 causes a 50-pA current source to begin charging this capacitor. If the over-
current condition persists until the capacitor has been charged to approximately 0.5 V, the TPS2320/TPS2321
will latch off the offending channels and will pull the FAULT pin low. The timer capacitor can be made as large
as desired to provide additional time delay before registering a fault condition. PWRGDx will not correctly report
power conditions when the device is disabled. The time delay is approximately: dt = Cyjyer * 10,000.

output-voltage slew-rate control

When enabled, the TPS2320/TPS2321 controllers supply the gates of each external MOSFET transistor with
a current of approximately 15 pA. The slew rate of the MOSFET source voltage is thus limited by the
gate-to-drain capacitance Cgd of the external MOSFET capacitor to a value approximating:

dvs _ 15 uA

If a slower slew rate is desired, an additional capacitance can be connected between the gate of the external
MOSFET and ground.

VREG capacitor

The internal voltage regulator connected to VREG requires an external capacitor to ensure stability. A 0.1-pF
or 0.22-pF ceramic capacitor is recommended.
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TPS2320, TPS2321
DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER

SLVS276C — MARCH 2000 — REVISED MARCH 2001

APPLICATION INFORMATION

gate-drive circuitry

The TPS2320/TPS2321 includes four separate features associated with each gate-drive terminal:

® Acharging current of approximately 15 pAis applied to enable the external MOSFET transistor. This current
is generated by an internal charge pump that can develop a gate-to-source potential (referenced to DISCH1
or DISCH2) of 9 V-12 V. DISCH1 and DISCH2 must be connected to the respective external MOSFET
source terminals to ensure proper operation of this circuitry.

® Adischarge current of approximately 75 pA is applied to disable the external MOSFET transistor. Once the
transistor gate voltage has dropped below approximately 1.5 V, this current is disabled and the UVLO
discharge driver is enabled instead. This feature allows the part to enter a low-current shutdown mode while
ensuring that the gates of the external MOSFET transistors remain at a low voltage.

® During a UVLO condition, the gates of both MOSFET transistors are pulled down by internal PMOS
transistors. These transistors continue to operate even if IN1 and IN2 are both at 0 V. This circuitry also helps
hold the external MOSFET transistors off when power is suddenly applied to the system.

® During an overcurrent fault condition, the external MOSFET transistor that exhibited an overcurrent
condition will be rapidly turned off by an internal pulldown circuit capable of pulling in excess of 400 mA (at
4 V) from the pin. Once the gate has been pulled below approximately 1.5V, this driver is disengaged and
the UVLO driver is enabled instead. If one channel experiences an overcurrent condition and the other does
not, then only the channel that is conducting excessive current will be turned off rapidly. The other channel
will continue to operate normally.

setting the current-limit circuit-breaker threshold

Using channel 1 as an example, the current sensing resistor Rjsgnsg1 and the current-limit-setting resistor
R|seT1 determine the current limit of the channel, and can be calculated by the following equation:

—6
| 3 RISETl x 50 x 10

LMTL = R

ISENSE1

Typically Risensge1 is very small (0.001 Q to 0.1 Q). If the trace and solder-junction resistances between the
junction of Rigsgnsg1 and ISENSE1 and the junction of Rigense1 and RiggT1 are greater than 10% of the
RisensEg1 value, then these resistance values should be added to the RjggnsE1 value used in the calculation
above.

The above information and calculation also apply to channel 2. Table 2 shows some of the current sense
resistors available in the market.

Table 2. Some Current Sense Resistors

CURRE’Z‘;) RANGE PART NUMBER DESCRIPTION MANUFACTURER

Otol WSL-1206, 0.05 1% 0.05 Q, 0.25 W, 1% resistor

1to2 WSL-1206, 0.025 1% 0.025 Q, 0.25 W, 1% resistor

2to4 WSL-1206, 0.015 1% 0.015 Q, 0.25 W, 1% resistor )

- Vishay Dale

4106 WSL-2010, 0.010 1% 0.010 Q, 0.5 W, 1% resistor

6to8 WSL-2010, 0.007 1% 0.007 Q, 0.5 W, 1% resistor

8to 10 WSR-2, 0.005 1% 0.005 Q, 0.5 W, 1% resistor
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DUAL HOT SWAP POWER CONTROLLERS
WITH INDEPENDENT CIRCUIT BREAKER
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APPLICATION INFORMATION

undervoltage lockout (UVLO)

The TPS2320/TPS2321 includes an undervoltage lockout (UVLO) feature that monitors the voltage present on
the VREG pin. This feature will disable both external MOSFETs if the voltage on VREG drops below 2.78 V
(nominal) and will re-enable normal operation when it rises above 2.85 V (nominal). Since VREG is fed from
IN1 through a low-dropout voltage regulator, the voltage on VREG will track the voltage on IN1 within 50 mV.
While the undervoltage lockout is engaged, both GATE1 and GATE2 are held low by internal PMOS pulldown
transistors, ensuring that the external MOSFET transistors remain off at all times, even if all power supplies have
fallento O V.

single-channel operation

Some applications may require only a single external MOS transistor. Such applications should use GATE1 and
the associated circuitry (IN1, ISENSE1, ISET1, DISCH1). The IN2 pin should be grounded to disable the
circuitry associated with the GATEZ pin.

power-up control

The TPS2320/TPS2321 includes a 500 us (nominal) startup delay that ensures that internal circuitry has
sufficient time to start before the device begins turning on the external MOSFETSs. This delay is triggered only
upon the rapid application of power to the circuit. If the power supply ramps up slowly, the undervoltage lockout
circuitry will provide adequate protection against undervoltage operation.

3-channel hot-swap application

Some applications require hot-swap control of up to three voltage rails, but may not explicitly require the sensing
of the status of the output power on all three of the voltage rails. One such application is device bay, where dv/dt
control of 3.3V, 5V, and 12 V is required. By using Channel 2 to drive both the 3.3-V and 5-V power rails and
Channel 1 to drive the 12-V power rail, as is shown below, TPS2320/01 can deliver three different voltages to
three loads while monitoring the status of two of the loads.
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System | Board

12 VIN1

APPLICATION INFORMATION

RSENSE1L

ENABLE

1pF 010 pF

L

o
[
=
m

S

RISET1

Fas

S
T

VREG IN1 ISET1 ISENSE1

ENABLE
DGND
AGND

GATE1

TPS2321

TIMER IN2 ISET2 ISENSE2

GATE2

DISCH1

FAULT FAULT

DISCH2

3.3VIN2

1pF 010 pF

T

MTH

Vo1 or Vo2

RSENSE2

RgZ

Vo2

..H;TT

5VIN3

1 pF 010 pF

T

144

Vos

e

Figure 27. Three-Channel Application

Figure 28 shows ramp-up waveforms of the three output voltages.

Vo~ Output Voltage — 2 V/div

-/
iiiiiiiiiiiiiiiiii/i:fiiiiiii H
: 2 1
: V=
g 4/

t — Time — 2.5 ms/div

Figure 28
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MECHANICAL DATA
D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

0.050 (1,27)
0.020 (0,51)

W ﬁ 0.014 (0,35) | ] 0.010(0,25) W
14

AARAAAA f 0008 020y Now

0.244 (6,20)
0.228 (5,80)
0.157 (4,00)
0.150 (3,81)

-

Gage Plane i
[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

TO0B 00

o UWLILILILIIIL T ¢ scatingpiane {\ [ 1
o000z | 0.004(010) |
— 0.069 (1,75) MAX 0.010(0.25) | ©[ 0.004(0,10)

0.004 (0,10)
PINS **
8 14 16
DIM

0197 | 0344 | 0394

A MAX (5,000 | (875) | (10,00)

0.189 | 0337 | 0.386

AMN 1 @80 | 855 | (9.80)

4040047/D 10/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
Falls within JEDEC MS-012
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MECHANICAL DATA

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PINS SHOWN

HAAHAHAH T
T 0,15 NOM
: '
HlHHHHHHY_J

[
“«—— A —»

Gage P‘Ial;/[ &

LT
L 1,20 MAX 0,15 ~[o010 | \/

0,0

e

(&

PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60

4040064/F 01/97

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its products to the specifications applicable at the time of sale in accordance with
TI's standard warranty. Testing and other quality control techniques are utilized to the extent TI deems necessary
to support this warranty. Specific testing of all parameters of each device is not necessarily performed, except
those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
products or services might be or are used. TI's publication of information regarding any third party’s products
or services does not constitute TI's approval, license, warranty or endorsement thereof.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations and notices. Representation
or reproduction of this information with alteration voids all warranties provided for an associated TI product or
service, is an unfair and deceptive business practice, and Tl is not responsible nor liable for any such use.

Resale of TI's products or services with statements different from or beyond the parameters stated by TI for
that product or service voids all express and any implied warranties for the associated TI product or service,
is an unfair and deceptive business practice, and Tl is not responsible nor liable for any such use.

Also see: Standard Terms and Conditions of Sale for Semiconductor Products. www.ti.com/sc/docs/stdterms.htm
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