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PMP20080 — Micron Hybrid Memory Cube (HMC) Gen2.0

power solution

For sake of convenience, the rails will be referred to by the following names throughout the report.

agrwdPE

Rail 1 -Vdd-0.9V @ 15.5A

Rail 2—-Vddm -1.2V @ 12.5A
Rail 3—Vcep — 2.5V @ 0.315A
Rail 4 — Vddk — 1. 5V @ 0.04A
Rail 5—Vddpllx — 1.2V @ 2.6A

—>

TP5544B20

TP540400 +
CDSE7588N

TP562170

TPSE2120

TPS40400 +
CD58520102
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The tests performed were as follows:

N

ROo~NOoO

Turn-On (No Load)
Turn-Off (Full Load Load)
Switch Node
i. No Load (with BWL)
ii. Full Load (with BWL)
iii. Ringing Full Load (No BWL)
Output Voltage Ripple
i. No Load
ii. Full Load
Transient Response
Efficiency
Load Regulation
Gain and Phase
Board Photo

0. Thermal Images

PMP20080
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1.  Turn - On (No load)

The photos below show the startup waveform. The input voltage is 12V, the output is not loaded.

Channel 2 — Pink: Output Voltage — (500mV/Division)
The time-base is set to 2ms/Division.

LeCroy|

Cc2

iy | 2.00 msidiv | Stop 720 my
j 2.00 MS 100 MSis JEdge Positive

[ﬁ imebase 720 s}

Rail 1

Channel 2 — Pink: Output Voltage — (500mV/Division)
The time-base is set to 2ms/Division.

~ LeCroy|

imebase  -520 pis|
2.00 ms/div | Stop 725 mY
2.00 MS 100 MS/s |Edge Positive

Rail 2
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Channel 2 — Pink: Output Voltage — (1V/Division)
The time-base is set to 200us/Division.
L LeCroy|
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P1:rise(C2) P2- P3--- P4i- - - P& - - PBi- - -
98.52217 ps
v
Rail 3
Channel 2 — Pink: Output Voltage — (500mV/Division)
The time-base is set to 50us/Division.
LeCroy
50.0 psidiv | Stop 445 my
Edge Posttive
Rail 4
4 PMP20080 December 2016
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Channel 2 — Pink: Output Voltage — (500mV/Division)

The time-base is set to 2ms/Division.
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|
|
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1 |
Measure P1:rise(C2) P2i- - - P3i- - - P4:- - - P5i- - - PE:- - -
value 2.0555400 ms
status v
Tigger
500 kS 25 MSis |Edge Posttive
Rail 5

2.  Turn - Off (Full load)

The photos below show the startup waveform. The input voltage is 12V. The output is load to full load rating of the rail.

Channel 2 — Pink: Output Voltage — (500mV/Division)

The time-base is set to 200ps/Division.

LeCroy

Fy
imebase -72 ps| [Trigger [c2[DC]
200 psidiv | Stop 445 my
2.00 MS 1.0 GSfs |Edge Negative
Rail 1
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Channel 2 — Pink: Output Voltage — (500mV/Division)
The time-base is set to 50us/Division.
LeCroy
R
e ; i _ "l
" |
50.0 psfdiv | Stop 720 m¥
1.00 MS 2.0 GSis JEdge Negative
Rail 2
Channel 2 — Pink: Output Voltage — (1V/Division)
The time-base is set to 200us/Division.
LeCroy|
F
C2,
FY
Measure P1:fall(C2) P2i- - - P3--- P4 - - PSi- - - PBi- - -
value 195.54866 ps
status v
Rail 3
6 PMP20080 December 2016
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Channel 2 — Pink: Output Voltage — (500mV/Division)

The time-base is set to 50ps/Division.

~ LeCroy

Channel 2 — Pink: Output VVoltage — (500mV/Division)

The time-base is set to 100us/Division.

Rail 4

Timebase 20 ps| (Trigger  CBES)
50.0 psidiv Stop 445 m¥
1.00 MS 2.0 GSiz JEdge Negative

LeCroy|

Measwre
value
status

P1:fall(C2)
14409905 ps
v

P3i-- -

Rail 5

P4 - - PSi- - - PE:- - -

imebase 138 i)
100 psfdiv | Stop 435 mv
500 kS 500 MSis |Edge ERE O

December 2016
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3. Switch Node

Rail 1 - No Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 1us/Division.

Channel 2 — Pink: Switch Node — (5V/Division)

LeCroy|

[ER- oo ] friehass——2007E
| 1.00 psidiv | Stop 450 my
§ 200kS 2.0 GS/s JEdge Negative

Rail 1 - Full Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 1ps/Division. Switching frequency = 476.19 kHz.

Channel 2 — Pink: Switch Node — (5V/Division)
i 'i.éflroy':

C2| -

| Bk Y t 1 Bl

2 EENEED imebase 200 ns] [Trigger [C2[DC)
Vidiv | 1.00 psrdiv | Stop 450 my
3 200kS 2.0 GSfs JEdge Negative

8 PMP20080 December 2016
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Rail 1 — Ringing Full Load (without BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 50ns/Division. Max voltage = 21.1V

Channel 2 — Pink: Switch Node — (5V/Division)

“LeCroy|
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©2 EEm imebase 120 ns| (Trigger  (GAEIS)
0 Vidiv| 50.0 nsdiv | Stop 450 my
___-5.20 ] 1.00 kS 2.0 GSis JEdge Negative

Rail 2 — No Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 1us/Division.

Channel 2 — Pink: Switch Node — (5V/Division)

LeCroy
-
c2 n - "z | |
44 |' r v P
g i
< cmesm R
i | 1.00 ps/fdiv f Stop
i 0 20.0kS 2.0 GSis JEdge
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Rail 2 — Full Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 1us/Division. Switching frequency = 502.51 kHz.

Channel 2 — Pink: Switch Node — (5V/Division)

LeCroy|

LI Lo A \ ]
|
[
[
[
|
[
[
I
I

-

2 CENEED imebase -260 ns| [Trigger [c2[oC)
Vidiv | 1.00 psidiv § Stop S10V
. | g H 200 kS 2.0 GSis JEdge Positive

Rail 2 — Ringing Full Load (without BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 50ns/Division. Max voltage = 22.8V

Channel 2 — Pink: Switch Node — (5V/Division)

“LeCroy|
W Wﬂfw‘WWmWMMMwMMMMM

-

Frmmmersdpnd iy ! T

! e
[y
v | 50.0 nsfdiv | Stop. 510V
L 6 / | 1.00kS 2.0 GS/s JEdge Positive
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Rail 3 — No Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 1us/Division.

Channel 2 — Pink: Switch Node — (5V/Division)

LeCroy|
™
o V

g i 3 1 1
Measure P1:freq(C2) P2i- - - P3i- - - P4i-- - PSi--- PEi- - -

value 231538 MHz

status A
2 ceEm
Tliv | 1.00 psidiv | Stop 560V
¢ offset] 200kS 2.0 GSis JEdge Positive

Rail 3 — Full Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 200ns/Division. Switching Frequency = 2.345 MHz

Channel 2 — Pink: Switch Node — (5V/Division)

I

Measure P1:freq(C2) P2i- - - P3--- P4i-- - P&~ - - PEi- - -

value 2.34530 MHz
status v
7 EmEEm
Vidiv| 200 ns/div | Stop 560V
5 | 4.00 kS 2.0 GSis JEdge Posttive

December 2016 PMP20080 11
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Rail 3 — Ringing Full Load (without BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base

is set to 20ns/Division. Max voltage = 13.4V

Channel 2 — Pink: Switch Node — (5V/Division)
[
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Measure P1:max(C2) P2i- - - P3i- - - P4:- - -
value 134V
status v

Rail 4 — No Load (with BWL)

imebase  -43.2 ns|

4005

oA

P5:---

20.0 ns/div | Stop
2.0 GSis JEdge

LeCroy

PB:- -
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rigger  CREB)
SE0Y
Posttive

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base

is set to 1us/Division.

Channel 2 — Pink: Switch Node — (5V/Division)

2 CEEm iebass 0,001 (T
| 1.00 psidiv | Stop
{ 200 kS 20GSis

12 PMP20080
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Rail 4 — Full Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 500ns/Division. Switching Frequency = 827.1 kHz

Channel 2 — Pink: Switch Node — (5V/Division)

I
|
! |
|

[ ST R RS

1= -11970ps  AX= 1.2090ps
X2= 120ns 1/4X= 8271 kHz

T EmEEm imebase  0.00 j3
i 500 ns/div | Stop 570¥
{ 10.0 kS 2.0 GSis JEdge. Postive

Rail 4 — Ringing Full Load (without BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 50ns/Division. Max voltage = 15.2V

Channel 2 — Pink: Switch Node — (5V/Division)

it *WWMNWNMWMWMWMW

\ 4
A A A A e oo R U\‘V‘ W W{MMMWJ‘,MM«

IS S S i ESS S A S

] (EFC 200
/| 50.0 nsidiv § Stop. 570%
{ 1.00kS 2.0 GSis |Edge Posttive
{
|
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Rail 5 — No Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 1us/Division.

Channel 2— Pink: Switch Node — (5V/Division)

c2

Measwre P1:freq(C2) P2 -~ P3--- P4:- - - P5:- - - PB:- - -
value 505.291 kHz
status v

imebase 0.00 ps| [Trigger CBEB)
1.00 psidiv | Stop 560V
200kS 2.0 GS/s |Edge Positive

Rail 5 — Full Load (with BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 1ps/Division. Switching Frequency = 505.23 kHz

Channel 2 — Pink: Switch Node — (5V/Division)

C2|

i A 1 r IRy
[y
Measure P1:freq(C2) P2--- P3:--- P4:- - - PS5i- - - PBi- - -
value 505.228 kHz
status v
I—
0 Vidiv| 1.00 psidiv | Stop 560V
,,,,,,,,,,, 20.0kS 2.0 GSis JEdge Positive
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Rail 5 — Ringing Full Load (without BWL)

The picture below shows the switching waveform for the converter without a load. The input voltage is 12V. The time-base
is set to 50ns/Division. Max voltage = 15.5V

Channel 2 — Pink: Switch Node — (5V/Division)
[
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Measure P1:max(C2) g P2 - - P3i--- P4- - - P5-- - PBi- - -
value 155V
status v

2 e imebase -109 ns| [Trigger [c2[oC)
| 50.0 ns/div | Stop 560V
5 1} 1.00 kS 2.0 GSis |Edge Positive

4.  Output Voltage Ripple (No Load and Full Load)

The output voltage ripple of the power rails is shown in the figures below. The input voltage is 12V.

Rail 1 - Channel 2 — Pink: Output Voltage (10mV/Division; AC Coupled)
Time base = 2us/div

“LeCroy|® [ E “LeCroy["

No Load Full Load

December 2016 PMP20080 15
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Rail 2 - Channel 2 — Pink: Output Voltage (20mV/Division; AC Coupled)
Time base = 2ps/div
LeCroy LeCroy|"

No Load

Rail 3 - Channel 2 — Pink: Output Voltage (10mV/Division; AC Coupled)
Time base = 20ms/div (left)

Channel 2 — Pink: Output Voltage (20mV/Division; AC Coupled)
Time base = 500ns/div (right)

LeCroy)|

imebase 264
200 psidiv [ Stop 1000 mY,
400ks 2.0 656 JEdge ive,

Full Load

Measure P1ipkpk(C2) P2--- P3-- P4 - PSi--- PBi--- Measure P1:pkpk(C2)
value 183my value ‘IMY
status v status v

Full Load

16 PMP20080
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Rail 4 - Channel 2 — Pink: Output Voltage (10mV/Division; AC Coupled)
Time base =1ms/div (left)
Time base = 2us/div (right)

No Load Full Load

Rail 5 - Channel 2 — Pink: Output Voltage (10mV/Division; AC Coupled)
Time base =5ms/div (left)

LeCroy|

LeCroy)|

Measure P1:pkpk(C2) P2--- P3--- (22 P5--- PE--- Measure P1:pkpk(C2) P2--- [ P4- - P5--- [
value 69mv value 75mv
Status v status v

No Load Full Load

December 2016 PMP20080 17
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S.

Transient Response

The transient response of the power rails from no load to full load is shown in the figures below. The input voltage is 12V.

Rail 1 - Channel 2 — Pink: Output Voltage (50mV/Division; AC Coupled)
Channel 4 — Green: Output Current (10A/division)
Time base = 200pus/div
Max deviation = 29mV = 2.55%

LeCroy

10.0 Aldliv.

-29.80 A ofst|

Rail 1

Rail 2 - Channel 2 — Pink: Output Voltage (50mV/Division; AC Coupled)
Channel 4 — Green: Output Current (L0A/division)
Time base = 200us/div
Max deviation = 53.5mV = 4.45%

B e e S e S

imebase -500 ps] [Trigger
200 psidiv |Normal =
2.00 MS 1.0 GS/s JEdge

Rail 2

18
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Rail 3 - Channel 2 — Pink: Output Voltage (50mV/Division; AC Coupled)
Channel 4 — Green: Output Current (100mA/division)

Time base = 200us/div

Max deviation = 33mV = 1.32%

LeCroy

aw

c Mmm
= ;

&
Measure P1:max(C2) P2:min(C2) P3i- - - P4 - - PS5 - - PE:- - -
value 20my -33my

v v

imebase 516 ps

Stop 151 m&
500 kS 250 s |Edge Positive

Rail 3

Rail 4 - Channel 2 — Pink: Output Voltage (50mV/Division; AC Coupled)
Channel 4 — Green: Output Current (20mAJ/division)

Time base = 200pus/div

Max deviation = 11.6mV = 0.77%

Rail 4

December 2016

PMP20080
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Rail 5 - Channel 2 — Pink: Output Voltage (20mV/Division; AC Coupled)

Channel 4 — Green: Output Current (1A/division)
Time base = 200us/div
Max deviation = 35.6mV = 2.97%

- Fy
P1:max(C2)

Measure
value 3I3Amv
status 4

1.00 Addiv
-3.000 & ofst

P2:min(C2)
-35.6mY
v

P3i--- P4 - -

imebase  -516 3|

tigger
200 psi Stop
250 MSis JEdge

500 kS Positive

Rail 5

6. Efficiency
The figures below highlight efficiency data of each power rail from 10% load to full load.
89.00%
87.00% /..__4-——0—___.‘,\‘
[ —
g 85.00% / —*_\\‘\
g 83.00% / ~¢
g
£ 81.00% /
L
79.00% /
77.00% {—of
75.00%
1 3 5 7 9 11 13 15
Load current (A)
—4—Efficiency
Rail 1
20 PMP20080
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90.00%
89.00%
88.00% K_h
87.00%
g e
"; 86.00% /
£ 85.00% v
.G /
£ 84.00% /
(V8]
83.00% /
82.00% (
81.00%
80.00%
3 5 7 11 13
Load current (A)
=== Efficiency
Rail 2
82.00%
|
80.00% / A
__-‘,_..—/
— 78.00% ’4_____4..--
9*5
g e
£ 76.00% P
g pod
=
W 74.00%
72.00%
70.00%
0.03 0.06 0.09 0.13 0.16 0.19 0.22 0.25 0.28 0.32
Load current (A)
—4—Efficiency
Rail 3
December 2016 PMP20080 21



13 TEXAS

INSTRUMENTS

www.ti.com

80.00%
75.00% -
—_ A
g 70.00%
2y
E 65.00% /’
=
E 60.00% /
55.00%
50.00%
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
Load current (A)
—4—Efficiency
Rail 4
80.00%
70.00% .--P""""_'—"_- — ’
A
60.00%
< 50.00% ~
y
E 40.00%
=2
£ 30.00%
20.00%
10.00%
0.00%
0.24 0.50 0.76 1.03 1.29 1.55 1.81 2.07 2.33 2.59
Load current (A)
—4—Efficiency
Rail 5
22 PMP20080 December 2016
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7.  Load Regulation

The figures below show output voltage variation of the power rails from no load to full load.

Load regulation

0.9005

A 4

~N

2 0.8995
a
¥ 0899 \
S 0.8985 \
‘g’_ 0.898 & ’__5\
g
g 0-8975 N\
0.897 N ﬁ &
0.8965 ‘
0 2 a4 6 8 10 12 14 16
Load Current (A)
=&— Load regulation
Rail 1
Voltage at full load = 0.897V
Rail 1 load regulation at full load = 0.3%
Load regulation
1.2095
1.209 0—-=5\
2 1.2085
@
& 1208 0—-=\
S 1.2075
5 1.207 e
£ 1.2065
3 \
1.206
1.2055
0 2 4 6 8 10 12 14
Load Current (A)
=4 Load regulation
Rail 2
Voltage at full load = 1.206V
Rail 2 load regulation at full load = 0.24%
December 2016 PMP20080 23
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Load regulation

2.57

2565 — 4
2.56 -

2.555 $

255 —————

Output Voltage (V)

2.545

2.54

0.00 0.03 0.06 0.09 0.13 0.16 0.19 0.22 0.25 0.28
Load Current (A)

—4—Load regulation

0.32

Rail 3

Voltage at no load = 2.56V
Rail 3 load regulation at no load = 2.59%

Load regulation
1.4975

1.497 4
1.4965

1.496

1.4955

1.495

1.4945

Output Voltage (V)

1.494 \——-\
1.4935 /\

1.493 ¥7/ }

1.4925

0 0.01 0.02 0.03 0.04
Load Current (A)

—&—Load regulation

0.05

Rail 4

Voltage at full load = 1.493V
Rail 4 load regulation at full load = 0.53%

24
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Load regulation

1.206

f

1204
1.203 ——

1.202

1.201

Output Voltage (

1.200

0.00 0.24 0.50 0.76 1.03 129 1.55 1.81 2.07 2.33 2.59
Output Current (A)

=—#—Load regulation

Rail 5

Voltage at no load = 1.205V
Rail 5 load regulation at no load = 0.42%

8. Gain and Phase

Gain and phase measurements performed for power rails with voltage mode and current mode compensation only.

o 2 Slhide Bar: _J &I \/ ‘ O
| =y a L TNALLS
—— 6665 Phase (deg) ’ 5 T
-1.96 Slope (20dB/decade) / \ / |
= =N
— et N | 90 ded
/*\ V
S |
| 2-Phase [ o 2 Side Bar.
e 466.1 k Frequency (Hz)
== 525 trase ok .
C 3. 93' Slope (20dB/decade) 1 3
®© (= - 4 ®
=,
o | e W H I o
| | iy
‘ A ‘ ‘
B £ -150 deg o
o L = / \ <]
© = : @
T 1 1
5k Frequency 1™
Rail 1
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o 1 Slide Bar: [1] 1 Slide Bar: 1 (e}
© | 52.41k Frequency (Hz) 2524k Frequency (Hz) (<]
50 d8 0 Gain(dB) al 17.39 Gain (dB) —
7095  Phase (d 1.998 Phase (d
0819 Sla‘ps:(ZD?B)/decade) 186 Slaapsee(ZD?B)/decadz)
N
30dB M J deg
N
2048 IR — deg
dB >< 0 deg|
Q
.E ﬁ \\ \\ 1 75
© d8 0de (o]
O 1 <
dB de o
0 dB 0 deg
= 2 Q
o | = = (c0]
O |- = =] s
v = = >~ 1
1k Frequency 300 k
Rail 2
o | __Hi1]
O |pene 1 Siide Bar @
50 dB8 [31.32k Frequency (Hz)
1-Phase :\ 0 Giain (dB)
- 621  Phase(deg)
40 dB 126 Slope (20dB/decade)
— ] Impott To Analog Syrthesis
T ——
2048 |
~)
Ele %
© E dB 1 @©
~— <
O ~_| o
-20dB
40 dB
Rail 2:
“Uin = 12V 1o
. [Vout=12V @ 2.5A - I foe)
3 = = ~—
T - = 1
100 Frequency 100 k
Rail 5
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9.

The figure below shows a thermal capture of the board with all power rails running at full load.

Thermal Images

Circuit Element

Temperature at Full Load (C)

Rail 1-1IC 76.2
Rail 1 — Inductor 52.3
Rail 2 - IC 61.7
Rail 2 — Inductor 53.1
Rail 2 - FETs 86.0
Rail 3—-IC 32.8
Rail 3 — Inductor 33.6
Rail 4 - IC 30.3
Rail 4 — Inductor 26.6
Rail 5 IC 315
Rail 5 — Inductor 34.7
Rail 5 - FETs 40.3

NO.1

75
70
65
60
55
50
45
40
35
30

251
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