PMP5291 BQ24120 charging at 4.2V 500mA Test Report Texas Instruments

PMP5291 Test report:

Pages 1-2: regulation / efficiency / thermal
Page 3: output ripple

Pages 4-6: Main switching waveforms
Pages 7-9: Charger output behavior

Regulation / losses: Done with resistive load model t2: Chokes 2x 4.7uHy 1mm high

Vin Volts | lin mA Voutl loutl Load Losses in Efficiency
Volts mA resistance mwW=** %
11.01 191.5 3.116 491.5 6 ohms 577 72.6
11.01 214 3.598 491.5 7 ohms 588 75.1
11.01 236 4.095 491 8 ohms 588 77.4
11.01 222 4.202 452.5 9 ohms 543 77.8
11.01 172 4.206 345 12 ohms 443 76.6
11.02 129 4.206 245 17 ohms 391 72.5
11.02 91 4.206 153 27 ohms 359 64.2
11.02 67.5 4.206 101 41 ohms 319 57.1
11.02 48 4.206 53 79 ohms 306 42.1

11.02 61.5 010 0.26 48 Oto5o0hm | Upto677 Pre-charge
5.01 384.5 3.113 492 6 ohms 395 79.5
5.01 432.5 3.589 492 7 ohms 401 81.5
5.00 477 4.078 491 8 ohms 383 84.0
5.01 444 4.2025 453 9 ohms 321 85.6
5.01 337 4.206 345 12 ohms 237 85.9
5.02 239 4.206 245 17 ohms 169 85.9
5.03 153 4.206 153 27 ohms 126 83.6
5.03 106 4.206 101 41 ohms 108 79.7
5.03 63 4.206 53 79 ohms 94 70.3

5.03 55t056 | 0to0.25 46 0to50hm | uUpto 282 Pre-charge

When current reached 50mA at 4.206 Vout at both 5Vin and 11Vin charging stopped.
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PMP5291 BQ24120 charging at 4.2V 500mA Test Report Texas Instruments

Regulation / losses: Done with battery pack model t2: Chokes 2x 4.7uHy 1mm high

Vin Volts | lin mA Voutl loutl Model Losses in Efficiency
Volts mA mW** %

11.03 217 3.640 493 t2 599 75.0
11.03 218 3.675 492 t2 596 75.2
11.03 222 3.753 492 t2 602 75.4
11.03 224 3.799 492 t2 602 75.7
11.03 224 3.807 491.5 t2 600 75.7
5.00 461 3.878 492.5 t2 395 82.9
11.07 225 3.880 492 t2 582 76.6
5.015 470 3.982 492 t2 398 83.1
11.07 230 3.981 491 t2 591 76.8
5.01 474 4.027 492 2 393 83.4
11.01 233 4.027 492 t2 584 77.2
5.02 476 4.074 492 2 385 83.9
11.01 235 4.073 491 t2 588 77.3
10.99 237 4.184 483 t1 584 77.6
10.99 239 4.169 489 t1 588 77.6
10.99 124 4.204 230 tl 396 71.0

Hot spot: The chokes at 55 degrees C for 11Vin and 483mA load at 4.184Vout.
Ambient was at about 23-25 degrees Celsius and there was no added airflow.
Same hot spot and 55 degrees C seen in both models t1 and t2.
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PMP5291 BQ24120 charging at 4.2V 500mA Test Report Texas Instruments

Ripple out at main connector: 11Vin and max power out:
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T PrMPS291: BO24120 battery charger: model 1
_ 10.99%in 239ma in 4. 169%out 3t 489ma
mazimumi] ] B_TEmY pazx power out
minimum(] ) —8.59mY cutput ripple at main connector
Freg(]) FE 956.382 kHz almost 20my peak to peak
Fallc(]l #E B_20El ps
20 ps BlLL Freg(l? $E 955382 kH=
5 my  AC
2 58 m\ AC
3 580 my AC — 1 DC 5. 6my
4 50 mv  AC O STOPPED

Same input and output, but ripple measured at output cap C6:
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T FRPS291: BO24120 battery charger: model t1
10.99%in 239ma in 4. 169%out at 489ma
I"'lElXiI"‘lL,II‘ﬂ('I ] G_41my Max poeer oLt
minimum] ) -5_16mY  outout ripple at output cap ©6 (10UF ceramic 805)
Fregtl? Fx 248.282 kHz  11.5m% peak to peak
Fallcla FE 5.1328 ps
20 ps BlWL Fregtl? Fr 248 282 kH=z
5 mi AC
% 5@ mv AC ERE MSA s
5@ mv AC e 1 OC 5.BEmY
4 50 m\W AC O STOPPED
Qq
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Major waveform: 11Vin max Charging power out:
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PRMPS291: BO24120 hattery charger: model 11
mas<imum (] ) 11.88 v 10.99¥in 238ma in 4.177Vout at 486ma
minimum(] ) —z_19 v Max power out
Freqil) 1 @9799 MHz Main switching \_N;l\fEﬁ:!rm:
Fall(l) nn E | ns 1.098MHz; no visible overshoot
2 ps Freqil) 1.89799 MHz 2¥ undershoot
id -z v DOCi§
2 B8 m\ AC 1 G54s
358 mY RAC 1 1 AC B.@@E W
4 50 m\ RAC STOFPFED
Qq
Rising waveform for same shown:
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PRPS291: BO24120 hattery charger: model 11
10,99%0n 238ma in 4, 170Ut gt 486ma
maximum(‘l b 11.81 ¥ lam piovEr oLt
minirmum(] ) -1.50 V' main switching waveform expanded to show rising
Freqil) - - ~ Rige time: 16 nsec
Fallil) - — — Mo visible overshoot
18 ns Freg(l) — — ~ Mote: Low side "rides" on clamp diode for about
2 Y OC g 20nsec before rising
2 50 mv  RAC
3 58 mY AC I 1 DC 4.68 W
4 B8 M\ AC STOPPED

Major waveform: 5Vin before snubber added:
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PMP5291 BQ24120 charging at 4.2V 500mA Test Report

Texas Instruments

Falling waveform detail for same: 11Vin, max power out:
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T PRPS291: BO24120 battery charger: model t1
10,99%in 238ma in 4. 17V out at 48ama,
maximumi] ) 11.75 ¥ Max power out
minimumc] 2 -2.12 ¥ main switching waveform expanded to show
Fregtl? - - - falling:
Fall(]a 5.2 ns Fall time: 10 nsec
5 ns Fregil? - - — 1.0928MHz: =2% undershoot
.z v oocx
2 58 my  AC 1 G5/s
3 50 m/ AC —1_ 1 AC @.080 v
4 BE v AC STOFFPED
Qq
Major waveform at load about half the max:
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FMPS291: BO24120 battery charger: model t1
) 10.99%in 124 ma in 4, 20400t at 230ma
maximumi] ) 12,88 W apout half power out: 2x 4.7UHy chokes
minimumi] ) -1.78 W main switching waveform:
Fregll) nr 1. BITET MHz =3me 1.005MHz
Fallcl) nn 9.5 NS Low side FET turns off during conduction and choke
_2 ps Freg(l) mn 1. 83737 MHz current flows thru "clamp diode” for last 200nsec
i] .2 W DOC 3 This is a feature in BO24120 to shut off low side
2 A M ac FET at Iight loads
3 50 mV AC I 1 0OC 4.68 W
4 58 mv AC STOFPPED
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Finally, main waveform at load just before charging terminates:
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T PRPSZ291: BOZ4120 battery charger: model t1
) 10.99%in 4. 204%out at S0.5mas
mgx;mum(1) 1213 % ahout 1/10 max current out just before charge
minimum(] ) -1.58 W tormination: 2x 4, 7uHy chokes
Freqll) nn 3.15647 MHz main switching waveform: 900nsec period
Fallil) nn 15.8 ns waveform now discontinuous after choke currery
FPEqE1J I 3.15647 MHz reacheszerg;
Lowe side FET only on briefly
I 1 0C8.72 W

J1arrcy

Model t2 major waveform as model t1 shipped quickly:
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L2 s
AN CIE Y
L2 e
.2 W 0OC
2 BB mv AC
358 v AC
4 5@ mv AC
Qq
25-Jan-10
12:59:01
1
2 Ps
2.8 W
.2 Ms
il -z v bDc
2 58 mV AC
3 58 m AC
4 5@ mv AC
Qq
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T PRPS291: BO24120 battery charger: model 12
11.03%in 222ma in 4, 164vout at 490ma
maximumC] 2 1188 Y Max power out
minimumi] 2 —2.25 W main switching waveform:
FPeq(]) 1. 87881 MH=z 1.098MHz; no visible overshoot
Fallill nn 5.0 ns 2% undershoot
rise(]) nn 5.5 ns Rise and Fall times shown here for the wawveform,
but they are 10%--90% vs. 0%--100% on my
model t1 expanded waveforms
| 1 0OC @ @24 W
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PMP5291 BQ24120 charging at 4.2V 500mA Test Report Texas Instruments

Main waveform notes: critical conduction current with 11Vin, Fsw=1.098MHz,
2x4.7uHy chokes was about 130mA at 4.204Vout

At Vin going below 4.71V and Vout at 4.18V and current at 488mA; duty cycle reaches
100%. Drop across Hi side FET about 150mV, across sense resistor 100mW, and across
the two 4.7uHy chokes the remaining 270mV.

Charge terminates very close to target 50mA both on models t1 and t2 as shown here:
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PRMPS291: BOZ24120 battery charger: model £2
. 11%in: Charging termination at SOmY
m?'x?m“m” ) 4.225 V' ponnel 1 green is Yout to battery offset by 4.0%
minimum]) 4.188 V' o pym was 4,206V before termination and
Freq(ly  #& 1.13 Kz 4 1a8y after termination
FE.' L1c1) #E 3-BULE3 S chorel 4 red s current into battery dropping frorm
58 BWL rise(]) T 7 7 S0ma to zero
1.1 v DC
2 B0 mv AC
350 my AC ] 4 0OC 235.2 mA
nzo md OC STOPPED
Qq
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ReStart after battery voltage drops about 100mA due to 360mA load across battery:
28-Tan- 106
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PMPS291: BQ24120 hattery charger: model 2
11%in: fully charged battery loaded after term.
maximumi] ) 4.222 VW ReStart after what drops 100mY fram <.2%
minimum(] ) 4. 087 VW Channel 1 green is Wout to battery offset by 4.0%
Freg(l) - — — Chanrnel 4 red is current into battery;
Fall(]) - — — drain of 360ma triggers recharge, but charging
B s BlL rise(]) 356.8E3 M= current decays quickly to near zero, charger think
1 .1 v oC load current going into battery and stays on
2 5B mv AC
3 50 my AC N 4 OC 0.944 A
d.2 v oo STOPPED

Charger output with no battery: Pulses on and off until it detects an actual battery:
28-Jan- 10
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PrRPSZ291: BO24120 battery charger: model 2
) 11.03%in, no battery or load
mazimumC] ) 4.42 W wout of charger
minimumc] ) 002 WV Rg-start athermpt every 1,45 seconds
Fregl(] nn U.69 Hz fram rate of fall and 10uF Cout bleed down
Fall(la nn 93922 ms  current about SO0US
B 5 BLL riset]? nn 18.692 ms
0 t v oc
2 58 mv AC 280 kSis
3 58 mY AC — 4 OC 0.844 A
4 .2 v DC STOPPED
Qq
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PMP5291 BQ24120 charging at 4.2V 500mA Test Report Texas Instruments

Start of normal full charged when mostly discharged battery pack plugged into charger:
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PMPS291: BO24120 battery charger: model &2

11.03%in 217méa in 3.64%out at 493maA to battery

mascimum(] ) 4.42 V' after start up
minimumi]) -B.02 V' Start of normal charging when mostly discharged
Freg(]) U.Bd Hz hattery pack plugged in:
Fall(l) nmn T8. 760 ms  Channel 1 green: Yout of charger
B o= BlWL risell) 0N T.BBZ ms  Channel 4 red: current out of charger
1 1 W OC
2 BB my AC
3 B0 my AC I 4 OC @.E44 A
m 2 v ooc STOPPED
Qq
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