IPS-SWREG-WS25

High-Speed ATE Load Board Regulator

Features o
Programmable 0-3.0V, 25A regulator Descri ption
Less than 30mV voltage droop for 25A/nsec di/dt The iPS-SWREG-WS25 is a small, high speed 0-3.0V,
load change after rising or falling waveform edge 25A regulator board suitable for plugging into ATE
Low Dropout Voltage (< 500mV for 25Amp load boards close to the Device Under Test (DUT).
output) reduces power dissipation This high-speed regulator responds to di/dt demands

lout measured directly by ATE supply source mu_ch faster than the typical ATE supply is capatfle
Small board size: 2.0"W 2.8"L 0.7"H doing.

Pluggable for easy installation and removal
Over-temperature auto shut-down and status signa
Voltage shut-down control independent of
programmed Vout value

The fast response of the regulator allows a sicgift
reduction in the total value of the decoupling
capacitance required to keep the DUT voltage cobsta
despite large and fast di/dt changes (25A /ns&h)s

i i capacitance value can often be reduced by a fattor
Appllcatl_ons 100 or more for a given DUT di/dt step load change
ATE Equipment and voltage droop requirement.

ATE Load Boards

Typical Application
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Fig. 1
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IPS-SWREG-WS25

High-Speed ATE Load Board Regulator

DC Specifications

Vdrv Min-Max voltage range (nominal 8.0 Volts) 0-8.5Volts @ up to 2A

Vce Min-Max voltage range (nominal 5.0 Volts) 4.5 -5.5Volts @ up to 1A

Vprog Min-Max voltage range 0-3.0 Volts

Vpwr Min-Max voltage range (nominal Vprog + 0.5V) 0 — 3.5 Volts up to 25A

Vsense Min-Max external Vout sense range 0-3.0 Volts

Vout Maximum voltage range 0-3.0 Volts

OTn Maximum input or output over-temp signal 0 — 5.0 Volts (open collector with 10K pull up to 5V)
Ppwr Maximum input power lout X Vdrv 87.5 Watts

Pout Maximum power output lout X Vout 75.0 Watts

Regulator Efficiency Maximum regulator efficiency 75%

Ppw — Pout

Maximum heat sink power dissipation with fan running

15 watts @ 23 degrees C ambient temperature

Tboard

Maximum board temperature for auto shutdown

85 degrees C (3 degrees hysteresis)

Vcc =5.0V, vdrv = 8.0V, T=25 degrees C

Parameter Type Description Min Max Units
Idrv | Pre-driver current with Vdrv @ 8.0 volts 0.02 2 A
Icc | Fan + over-temp circuit current 1 A
Vprog | Programming pin used to set the output voltage 0 3.0 \Y,
Iprog | Programming signal input current 10 mA/NV
OTn output high I/10 High level indicates board temperature OK Vee-0.4 VCC \Y
OTn output low 110 Low level indicates board temperature exceeded 0 0.4 \Y,
OTn input 110 Drive input low to disable Vout to zero volts (open 0 0.8 \Y,
collector with 10K pull up resistor)
Vsense | External sense input pin voltage range Vout Vout \Y,
Isense | External sense input pin input current 0 10 mA/N
Vout (0] Output voltage tracks Vprog Vprog-0.02 Vprog+0.02 \Y
lout O Qutput current 0 25 A
Vpwr | Power regulator voltage 0 Vprog+0.5 \Y,
Ipwr | Power regulator current 0 25+Vprog/100 | A
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IPS-SWREG-WS25

High-Speed ATE Load Board Regulator

AC Parameters
Vcc =5.0V, vdrv = 8.0V, T=25 degrees C (see note 2)

Parameter Description Min Units
TVoutH Ramp Vout to new higher Vprddlote 1) (llim - Idut - Vout/100)/Cout V/sec
TVoutL Ramp Vout to new lower Vpro@\ote 1) - (Idut - Vout/100)/Cout V/sec
Tpwrup Time for the regulator to stabilize after @C 10 msec

and Vdrv are applied

Voutdi/dt Regulation for 25A/nsec current demand - 30(Note 3) mV

Tresp Time for full recovery after 25A/nsec 1 usec
transient load

Note 1: llim is the current limit set on the Vpwr power gy Normally set this to lout max + 10A. Coutlie total DUT decoupling capacitance. The
ramp time is valid for small changes (<200mV) inrdp. Larger changes may be affected by Cin inpabdpling capacitance.

Note 2: Regulator power-on sequence is: Vcc, Vdrv, Vpwd tiren Vprog. Ve and Vdrv should remain on atiades after the initial power-on
sequence. Vcc powers the cooling fan as well a®ter-temperature and shut-down circuitry whilewjpowers the regulator and FET pre-driver circuits
Vpwr is programmed to 0.5V above Vprog and musikiprog at all times.

Note 3: This droop/overshoot specification assumes adedliatand Cout decoupling and good layout practiezeg been followed. See “Recommended
Decoupling” section.

Regulator Board Operation

See the figure 2 below. A control block takesrguui voltage, Vprog, and compares it to Vout, whgfed back through the
Vsense pin. The difference in voltage between \amat Vprog is amplified and applied to a FET drjwehnich in turn drives
the Pwr block in such a way that Vout is forceeédmal Vprog. Current through the Pwr block fromawmoes directly to a
load connected to Vout. This allows output curtertbe directly measured from the Vpwr source. réhg a small constant
load of 100 ohms on Vout, which must be taken adoount.

A temperature sensor measures the temperature bbtrd near the Pwr stage and if this temperakseeds 85 degrees C, a
signal is sent to the Control block which forceauVto zero volts. At the same time, this sig@aln, is brought to an
external pin that can be sampled to determineeitiard is in a temperature shutdown state. A siigte indicates that the
temperature on the board is OK. This sensor wilbrver when the temperature drops back below 8&dsd..

Additionally, this same over-temperature pin, Odax) be used to force a shutdown state by forcilogit This pin is
internally connected to an open collector drivethvei 10k pull-up resistor so any external tri-s@te@pen collector driver can
drive this pin low to put it into the shutdown stat

The regulator power-on sequence is to turn on Vdey, Vprog and Vpwr in that order, spaced abousémapart. The
regulator will stabilize in less than 10msec. Vol Vdrv should remain on for the duration of & session with Vprog and
Vpwr being programmed as required to drive the DWEc is used to drive the cooling fan so it iicail for it to remain on
at all times. Vpwr should be set to Vprog + 0.5V fiormal operation.
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High-Speed ATE Load Board Regulator

Regulator Block Diagram

vcee Vdrv Vpwr = Vprog + 0.5\
Vprog FET Vout = Vproc
Contrd |pryr Pwr
OTn l
Temp Sens(

Vsense Gnd

Fig. 2

The Advantage of a Fast Local Regulator

Modern telecom, video and processor chips switcmfthe inactive mode to the active mode in a vapytstime period. This
generates very fast current changes of up to 2®&/asmore. ATE power supplies and local decogptimpacitors must
supply the current that these fast load changesdéwhile maintaining voltage levels within DUT ogéng specifications
S0 as to not lose data at these transitions.

Typical high-end ATE power supplies are slow, ia tange of 100 to 500 microseconds response tichas@me even slower.
Even if they are faster, they are still too famfrthe DUT to take advantage of it because of séntisctance between the
supply and the DUT or load board connection. Theausolution is to place a “ton of decoupling cajmes” close to the DUT
on the load board to supply the demanded load wuaril the power supply can react.

A typical ATE power supply vendor with 200usec r@sge time recommends decoupling capacitance vafuesout 5000uF
per 5A of transient current demand to guarantemoie than 200mV of droop until the power supply e over. For a fast
load transient of 25A, about 25,000uF of capacianit! be required to hold up the DUT voltage 208uisvhile keeping the
droop less than 200mV.

For modern low voltage devices, a droop specificatif less than 25-30mV is desirable. If the d@tiog capacitance is
doubled to 50,000uF, the droop voltage will be %2@®mV or 100mV. Continue this process and youwgndith a required
capacitance of 200,000uF for a 25mV droop. Unfaataly it's even worse than that. Since real cépechave parasitic
series resistance and series inductance, you roostiat for any undesirable droop or overshoot oisl due to these
elements. The general solution requires many, rhagty quality capacitors in parallel totaling 20000F or more. Another
side effect of large total values of capacitanabas the ATE power supply may start to ring orreescillate not to mention
that the time to ramp the supply voltage up andrdbas gotten much longer.

As anyone knows who has put 200,000uF of high gdligh frequency capacitors on a load board; difficult, expensive
and hard to maintain. Using a fast, local regulatd significantly reduce the requirement for #eelarge total capacitance
values.
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High-Speed ATE Load Board Regulator

Recommended Decoupling for iPS-SWREG-WS25

The typical iPS-SWREG-WS25 application diagram shaw page 1 shows two main decoupling capacitdrsa@d Cout.
These decoupling capacitors are actually many é@@paconnected in parallel. Cin must guarantes tie power supply
voltage from the ATE does not droop more than aBO0mMYV at the input to the regulator. Cin typigakquires 25,000uF for
25A of fast load change and must support a modeaatdwidth. Cout requires 2200uF for all casetouput of 25A and
must have a wide bandwidth to deal with a fast lcla@hge (25A/nsec).

To achieve a 30mV voltage droop/overshoot spetifinathe impedance of the Cout decoupling arragtrbe kept below 1.2
milliohm (Z = V/1) across a wide frequency bandhe low end of the bandwidth is approximately B00/Tresp wherg is in
MHz and Tresp is in nsec. So= 300/1000 = 0.3MHz or 300KHz. Similarly, the highd of the bandwidth ig £ 300/1nsec
= 300MHz to support 25A/nsec load changes. Achig@@00MHz is very hard to do on a load board. iMductance in series
with the decoupling capacitors is often the higdgtrency limiting factor and care must be takemswoiie that this inductance
is minimized during layout and taken into accounthie impedance calculations.

This wide bandwidth Cout decoupling is accomplishggblacing a large number of small valued capagiito parallel to total
2200uF. Shown below in figures 3, 4 and 5 arelggdpat show impedance vs. frequency curves foowsicombinations of
capacitors for the Cout array. These graphs at¢douboard vias that are 0.7nH on both sides efdacoupling capacitors.
Using double vias will reduce the number of capmasitequired for a given bandwidth. All capacitsh®wn must satisfy
esr/N< 500micro ohms, where esr is the equivalent seegistance of the capacitor type and value andtheisumber of that
type and value. All equivalent series inductares)(values should ke 1nH for each capacitor type and value as well.

5.00m—
] 100ea 220F ezr = 0.05 ohms, esl = 1nH
] 100e& 1uF  esr = 0.05 ohms, esl < 1nH
— 3. ?5."7‘.‘—_ 1000es 0.1uF esr = 0.05 ohms, esl = 1nH
2 ]
= ]
=
q»
= 2.50m—]
AN
_
k]
o ]
= :
1. 25m—
GDD : T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIIII
1000 T0.0008 TO0.000KT 0000 700000 7000000 000
Freguency (Hz)
Fig. 3
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High-Speed ATE Load Board Regulator
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High-Speed ATE Load Board Regulator

The figure 5 decoupling scheme should be use@iBfhmV droop/overshoot level is to be achievedifernsec edge
transistion on the load change. If higher drooprfekioot is OK for up to 3nsec, the high end oftthedwidth can be relaxed
to f,= 300/3 = 100MHz and then decoupling shown in fg8rwould be adequate. Alternatively, if the ld@hsition itself is
slower than 1nsec, for example, 3nsec. Then thedig decoupling would achieve 30mV of droop/oveath

The Cin capacitor array is determined in a sinfdahion except that the low and high end of thedlédith is lower in
frequency. Use the response time for the partidAil&E power supply that is used to determine theelofrequency boundary
and use the iPS-SWREG-WS25 response time to fitperepper frequency boundary. Thus 800/200000 = 0.0015MHz or
1.5KHz. and{f=300/1000 = 0.3MHz. Allow a little overlap on thggh end, say 3x or so, giving £ 1MHz.

Zin = 200mV/25A = 0.008 ohms. Total capacitanaguieed is approximately Cin = AT/AV) = 25(200usec/200mV) =
25,000uF. See figure 6 for an example solutiohe TOOOuF capacitors chosen have an esr of 3@hmiils and esl of 1.5nH.

70,008 —
. 7.50m-
ul ]
= _ 25ea 1000uF
= - esr = 0.03 ohms
2 ] ezl = 1.5nH
i ]
S 500m-
A ]
e
L
o ]
£ ]

2.50m—

OOO : I | I| | I I| I | I| | I I| I | I| | I I| I | I|
000 70000 100k 1000k 700 .00 00N 10000700 00N
Frequency (Hz)
Fig. 6
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High-Speed ATE Load Board Regulator

Regulator 30A/nsec Load Change Simulations

30.00— — 30.00—
A 4 Tr=Ti=1ngec Al 4 Tr=1nzec
Q.00 0.00-
700.00m— 700.00m—
600.00m -] 600.00m-]
] A T30my 7
YOD 500,00m T VDD 500.00m 3 —
] = 47amv ] S aramy
400.00m 400.00m -
300.00m 1 T ‘ T I 300.00m N T T T |
86.55u 111.58u 126.60u 120,000 120,000 120,000
Programmed value = S00mY Time (S) Programmed value = S00mY Time (5)

Fig. 7 Load transient 0-30A in 1nsec using Cin of Fig. 6 and Cout of Fig. 5

30,00+ — 30,00
AM1 E Tr =Tt =1nzec Ak 4 Tr=1nsec
0.00 0.00-
700.00m— 700.00m—
600.00rm—| e 600.00m—
VDD 500.00m —:_h/\/‘——r_/\ YOD 500 00m {WWM_
400.00m— -y 400.00m- — #7mv
300.00m- . | . | 300.00m- . | . |
85.60u 110.02u 124.43u 120000 120000 120.01u
Programmed value = 500 Time (s) Programmed valus = 500mY Time (s)

Fig. 8 Load transient 0-30A in 1nsec using Cin of Fig. 6 and Cout of Fig. 4
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30.00— — 30.00—
A1 _ Tr=Ti=1nsec A1 - Tr = 1nsec
0.00 0.00-
700.00m— 700.00m—
600 00m-— e 600.00m-
VDD 500.00m /—I\.f VDDSOO'OOm{W
400.00m —:_F/V\ 400.00m—
] —3T8mY ] T 37EmY
300.00m- T I T | 300.00m- T I |
116.95u 13067y 144 38u 120,000 120000 {2001y
Programmed valug = S00my Time (5) Programmed value = S00mY Time {s)

Fig. 9 Load transient 0-30A in 1nsec using Cin of Fig. 6 and Cout of Fig. 3

The voltage droop and overshoot are clearly theibdigyure 7with the Cout capacitor array using flgure 5 capacitor
scheme. The droop and overshoot get progressivalge for figures 8 and 9, which correlates witlvde decoupling
capacitors as called out in figure 4 and 3 respelgti Notice however that the worst droop and skieot occur close to the
current step edge. If this can be tolerated, fhemr decoupling capacitors are required for that@oray.
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Regulator Pin Definitions

J1 Pin Definitions J2 Pin Definitions
J1-1 Vce J1-2 Gnd J2-1 Vout J2-2 Vout
J1-3 OTn Ji-4 Gnd J2-3 Vout J2-4 Vout
J1-5 Vcc J1-6 Vce J2-5 Vout J2-6 Vout
J1-7 Vprog J1-8 Gnd J2-7 Vout J2-8 Vout
J1-9 Vsense J1-10 Gnd J2-9 Vout J2-10 Vout
J1-11 Gnd J1-12 Gnd J2-11 Gnd J2-12 Gnd
J1-13 Gnd J1-14 Gnd J2-13 Gnd J2-14 Gnd
J1-15 Gnd J1-16 Gnd J2-15 Gnd J2-16 Gnd
J1-17 Gnd J1-18 Gnd J2-17 Gnd J2-18 Gnd
J1-19 Gnd J1-20 Gnd J2-19 Gnd J2-20 Gnd
J1-21  Vdrv J1-22  Vdrv J2-21  Vin J2-22  Vin
J1-23  Vdrv J1-24  Vdrv J2-23  Vin J2-24  Vin
J2-25 Vin J2-26 Vin
J2-27 Vin J2-28 Vin
Mating socket for J1: Digikey S6011-12-ND J2-29  Vin J2-30  Vin

Mating socket for J2: Digikey S6011-15-ND
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