Micrel, Inc.

MIC5166

Ordering Information

Part Number Output Voltage Junction Temperature Range“) Package Lead Finish
MIC5166YML 2VDDQ —40°C to +125°C 10-Pin 3mm x 3mm MLF® Pb-Free
Note:

1. MLF®is a GREEN RoHS-compliant package. Lead finish is NiPdAu. Mold compound is Halogen Free..

Pin Configuration

Pin Description

VREF [ 1] §,__‘ (10| vIN
BIAS [2] ¢ o |vTT
AGND [ 3] EP [(8_] PGND
vbDQ | 4] [7]eN

PG| 5] [6_|SNs

10-Pin 3mm x 3mm MLF® (ML)

Pin Number | Pin Name | Description

Reference Voltage. This output provides an output of the internal reference voltage Vppa/2. The Vrer

1 VREF output is used to provide the reference voltage for the memory chip. Connect a 1.0uF capacitor to
ground at this pin. This pin can sink and source 10mA.
BIAS Supply Voltage. The BIAS supply is the power MOSFET gate drive supply voltage and the

2 BIAS supply bus for the IC. The BIAS voltage must be greater than (V17 + 2.2V). A 1.0uF ceramic capacitor
from the BIAS pin to PGND must be placed next to the IC.

3 AGND Analog Ground. Internal signal ground for all low-power circuits.
Input Supply. VDDQ is connected to an internal precision divider which provides the Vger. Connect a

4 vVDDQ : e
4.7uF capacitor to ground at this pin.
Power Good. This is an open drain output that indicates when the output voltage is within +10% of the

5 PG reference voltage. The PG flag is asserted typically with 65us delay when the enable is set low or
when the output goes outside +10% the window threshold.

6 SNS Feedback. Input to the error amplifier.
Enable. Logic level control of the output. Logic HIGH enables the MIC5166 and a logic LOW shuts

7 EN down the MIC5166. In the off state, supply current of the device is greatly reduced (typically 0.2uA).
The EN pin should not be left open.
Power Ground. Internal ground connection to the source of the internal, low-side drive, N-channel

8 PGND | mOSFET.
Power Output. This is the connection to the source of the internal high-side N-channel MOSFET and

9 VTT drain of the low-side N-channel MOSFET. This is a high-frequency, high-power connection, therefore
two 10uF output capacitors must be placed as close to the IC as possible.
High-Side N-Channel MOSFET Drain Connection. The V|y operating voltage range is from 0.9V to

10 VIN 3.6V. An input capacitor between the VIN pin and the PGND is required as close to the chip as
possible.

EP ePad Exposed Pad. Must be connected to a GND plane for best thermal performance.
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Micrel, Inc. MIC5166

Absolute Maximum Ratings'" Operating Ratings®®
VBIAS «eevrnnerernneeeieteeeeeeeeeeeteeeretaeeeeaaeeeernaeeeanns —0.3V to 6V SUpp'y Voltage (VBIAS) ...................................... 2.5V to 5.5V
¥|N ................................................................. —og\g\t;)tVB\;AS Supply Voltage (V|N) ...................................... 0.9V to 36V(4)
50 o TP :03\/ tg V|N Supp|y Voltage (VDDQ) ____________________________________ 0.9V to Vi (5)
TT  seeveensenanasanasssansssnassssnssssnasssnnssssasssssasasnnsssnnnns . IN
Vv _0.3VtoV Power Good Voltage (Vpg)- - eeeeeeeeiaaimmeeeeaaanaanns 0V to Vgas
=1 N TR . O Vgias
_ Enable INput (VEN) -eeeeeeieieiiieee e 0V to Vgias
VpG ................................................................. 0.3V to VBIAS Junction Temperature (T ) _40°C < T, < +125°C
PGND t0 AGND ..., -03Vto03v  SHERn S P  Rosistanas T =h=
Junction Temperature ...........ccccooiieiiiiiic e, 150°C ackage Iherma e%lstance .
Storage Temperature RanNge ................... _65°C to +150°C 3mm x 3mm MLF®-10 () R 28.7°C/W
Lead Temperature (soldering, 10S).......c..ccccccveueene... 260°C 3mm x 3mm MLF"-10 (05a)-cvvovvvveieiis 60.7°C/W
Continuous Power Dissipation (T = 25°C)
(De-rated 16.4mW/°C above 25°C)...........c....... 1.64W
Continuous Power Dissipation (Tp= 85°C) ............. 656mwW
ESD®) 2kV(HBM)

Electrical Characteristics®
Vin = 1.5V, Vgias = 3.3V, Vppa = 1.5V, Ta = 25°C, unless noted. Bold values indicate -40°C < T, < +125°C.

Parameter | Condition | Min. | Typ. | Max. Units

Power Input Supply

Input Voltage Range (Vin) 0.9 3.6 \%

Undervoltage Lockout Trip Level Vin Rising 0.625 0.8 0.9 \Y,

UVLO Hysteresis 150 mV

Quiescent Supply Current (Iin) lout = 0A 0.1 10 MA

Shutdown Current (I ) Ven = 0V 0.1 5 MA

Bias Supply

Bias Voltage Range (Vgias) 25 5.5 \%

Undervoltage Lockout Trip Level Vgias Rising 1.9 2.23 2.33 \%

UVLO Hysteresis 70 mV

) loutr= 1MA 1.6 3

Quiescent Supply Current (Igjas) mA
lour=1A 1.6

Shutdown Current (Igjas) Ven = 0V 0.1 5 MA

V1t Output

Vrr Accuracy Variation from Vger, loutr = -3A to 3A -40 40 mV

Load Regulation VSNS =0.75V, |OUT = 10mA to +3A 15 2.1 %
Vsns =0.75V, lout = -10mA to -3A -1.8 -1.4

. ) V|N =1.5V to 3.6V, VBIAS = 5.5V, |OUT= 100mA -0.05 0.005 0.05

Line Regulation %IV

Vin = 1.5V, Vgias = 2.5V to 5.5V, loyr = 100mA -0.1 0.015 0.17
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Micrel, Inc.

MIC5166

Electrical Characteristics® (Continued)

Vin = 1.5V, Veias = 3.3V, Vppq = 1.5V, Ta = 25°C, unless noted. Bold values indicate -40°C < T, < +125°C.

Parameter ‘ Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Units
Vrer Output
Vrer Voltage Accuracy ‘ Variation from (Vppa/2), Irer = -10mA to 10mA ‘ -1 ‘ ‘ 1 %
Bias Supply Dropout Voltage
Dropout Voltage (Vgias — V1) lout = 100mMA 1.15 \Y,
Dropout Voltage (Vgias — V171) lout = 500mA 1.25 \Y
Dropout Voltage (VB|A3 - VTT) |OUT =3.0A 1.65 2.2 V
Enable Control
EN Logic High Level Logic High 1.2 \%
EN Logic Low Level Logic Low 0.2 \%
EN Current Ven = 0.2V 1.0 HA
Ven = 1.2V 6.0

Start-Up Time From EN pin going high to V11 90% of Vgrer 55 us
Short-Current Protection
Sourcing Current Limit Vin =27V, V7 =0V 3.1 4.9 7.8 A
Sinking Current Limit ViN=2.7V, Vi1 =VnN -3.1 -4.9 -7.8 A
Internal FETs
Top-MOSFET Rps(on) Source, lout = 3A (V17 to PGND) 130 190 mQ
Bottom-MOSFET RDS(ON) Sink, |OUT =-3A (V|N to VTT) 130 190 mQ
Power Good (PG)
PG Window Threshold % of V7 from Vger >90 <110 %
Hysteresis 2 %
PG Output Low Voltage Ipc = 4mA (sinking) 430 mV
PG Leakage Current Vpe = 5.5V, Vsns = Vrer 1.0 MA
Thermal Protection
Over-Temperature Shutdown T, Rising 150 °C
Over-Temperature Shutdown 10 oC
Hysteresis

Notes:

1. Exceeding the absolute maximum rating may damage the device.

2. Devices are ESD sensitive. Handling precautions recommended. Human body model, 1.5kQ in series with 100pF.

3. The device is not guaranteed to function outside its operating rating.

4. If Vgias < 3.6V, then Vinwmax) = Vaias.

5. If Vas <4V, then Vopamax = 2 x (Vaias — 2.2V). If Veias > 4V, then Vopgmax) = 3.6V.

6. Specification for packaged product only.
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Micrel, Inc.

MIC5166

Typical Characteristics

V\n Operating Supply Current
vs. Input Voltage

0.20
g /
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O 0.10
: V =1.2v
o pbaQ ~ -
o Vpias = 5V
a 0.05 V=06V
lout = 0A
Ven = Vaias
0.00 |

08 12 16 20 24 28 32 36
INPUT VOLTAGE (V)

Vgias Operating Supply Current
vs. BIAS Voltage

Vin Shutdown Current
vs. Input Voltage

0.20
<
2
0.16
[
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(8] /
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o
a
'5 oos Vppa = 1.2V
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INPUT VOLTAGE (V)

Vgias Shutdown Current
vs. BIAS Voltage

Vrer/Vppa Tracking Ratio
vs. VDDQ Voltage

0.54
0.52
g
2 050
3
> 048 Vopa = 1.2V
Veias = 5V
046 Vrr= 0.6V
’ loyt = 0A
Ven = Veias
0.44

08 12 16 20 24 28 32 36
VDDQ VOLTAGE (V)

VREFNDDQ Tracking Ratio
vs. BIAS Voltage
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30 0.240 ‘ 0.54
—_ Vi = 1.5V
< < -
25 3 Vppq = 0.6V
E = Ve = OV 0.52
E z 0.180 |- Ven
g 20 o .
® _— x /——/ 8 0.50
315 © 0.120 — 2
z g i
2 Vin = 1.8V 5 / > 048
210 Vppa = 0.6V — a | Vi = 1.5V
= Vir= 0.3V '5 0.060 N
TT= Y . -
7] oA 2 0.46 Vopa = 0.6V |
0.5 ouT N lout = 0A
Ven = Vois Ven = Vaias
0.0 1 0.000 0.44 |
25 3.0 35 4.0 45 5.0 25 3.0 35 4.0 45 5.0 25 3.0 35 4.0 4.5 5.0
BIAS VOLTAGE (V
BIAS VOLTAGE (V) BIAS VOLTAGE (V) V)
Enable Threshold Enable Pin Current Power Good Window/Vtr Ratio
vs. Input Voltage vs. Input Voltage vs. Input Voltage
1.000 10.0 115%
- — VTT RISING
Vooa™ 1.2/ < 110%
S Vgias = 5V 2 °
2 0.900 Ve = 0.6V = 80 <
9 z < 105% =\ 1T FALLING
3 RISING lour = 0A © = VTT FALLING
I o 100%
I 0800 Z 60 7 § ° |
w o O os |
4 = 95%
T = g VTT RISING
F 0.700 & 40 R
w T — w ; o
a FALLING a Vopa = 1.2V ) Voog = 1.2V
< 0600 ; 20 Veias = 5.5V | > 8% g ,g=5V
z Frri Vir= 0.6V so0, | lour=0A
o |
Ven = Vin Ven = Vaias
0.500 0.0 75%
0.9 1.8 27 36 0.9 1.8 27 36 0.9 18 2.7 36
INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
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Micrel, Inc.

MIC5166

Top MOSFET On-Resistance
vs. Input Voltage

Typical Characteristics (Continued)

Bottom MOSFET On-Resistance
vs. Input Voltage

Current Limit
vs. Input Voltage
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150 150 5.0 ‘
4.0 1
GE" 140 // g 140 2 30 SOURCING
w // w £ 20
‘2’ 130 e g 130 2 10
- E 4
< —
= = = |
(2} Viy = 1.8V (2} Viy = 1.5V z 00 Vopa = 1.2V
& 120 Vopa = 1.2V — ﬁ 120 Vppa = 1.2V — &: -1.0 Vaias = 5.0V ]
°z-‘ Vaias = 5V = Veias = 5V 3 2.0 SINKING V=06V —|
o 110 Vsns = OPEN | o 110 Vo= 0.6V N 3.0 Ven = Vems |
lsinkg = 3A lsink = -3A
Ven = Vaias Ven = Vaias 40 b — —
100 L L 100 5.0 T = ] e
07 10 13 16 19 22 25 28 07 10 13 16 19 22 25 28 12 16 20 24 28 32 36
INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Load Regulation Vrer-Vrr vs. |_Load Virvs.|_Load
vs. Input Voltage
2.0% 0.0150 0.6100
9 . —
s \ SOURCING 0.0100 0.6050
o
5 1.0% NS ~——
= < 0.0050
< Vopa = 1.2V = S 0.6000
3 0.0% Veias = 5.0V 3 0.0000 .>':
w Vo= 0.6V 2 _
© v = >l¥ [ Vpgias = 5V 0.5950 (— Vgag = 5V
4 lout = OA to 3A -0.0050 ° | °
< v Viy = 1.5V Viy = 1.5V
5 0% SINKING s Vopg=1.2V 05900 L Vopa=12V ]
L -0.0100 Vir=0.6V — ’ Vi = 0.6V
Ven = Veias Ven = Vaias
-2.0% -0.0150 ! 0.5850
09 12 15 18 21 24 27 30 33 36 300 -200 -1.00 000 1.00 200 3.00 3.00 -200 -1.00 000 1.00 200 3.00
INPUT VOLTAGE (V) I_LOAD (A) 1_LOAD (A)
Vrer/Vopa Vs. |_Load V11/Vopa vs. |_Load Vin Operating Supply Current
vs. Temperature
0.5100 0.5100 I 0.4 ‘ ‘
Vgias = 5V Viy = 1.5V
Viy = 1.5V § Veias = 5V
0.5050 0.5050 Vope=1-2V —| 0.3 (- Vooa =12V
o ~— Vi = 0.6V z Vrr= 0.6V
[<]
s 2 Ven = Vaias g:f loyt = 0A
a.u 0.5000 2 0.5000 3 g2 |- Ven=Vems
s S o
XE\AS : zz k i /f'\ /,——
in=1 o
0.4950 Vppa=1.2V ]| 0.4950 \ a 0.1 =
V7= 0.6V \\
Ven = Veias
0.4900 L 0.4900 0.0
300 -200 -1.00 000 1.00 200 3.00 300 200 -1.00 000 1.00 200 3.00 50 25 0 25 50 75 100 125
1_LOAD (A) I_LOAD (A) TEMPERATURE (°C)
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Micrel, Inc. MIC5166

Typical Characteristics (Continued)

Vin Shutdown Current Vin UVLO Threshold Enable Threshold
vs. Temperature vs. Temperature vs. Temperature
05 T T 1.0 ; ; 1.0000
z Vin = 1.5V Vgias = 5.0V
= Veias =5V —_ Vppq = 1.2V ;
£ " [ Vong = 12v Z 0 Vir= 0.6V o 09000 ——1
i Ven = OV 2 loyr = 0A 3 N
¥ 03 £ RISING Ven = Vains % 0.8000 RISING
=2 w
o Wosg o
z / % T \\
S 02 / = = 0.7000 ~ ~
o o w Vin = 1.5V
a S 4
[= ~ | —1 > 07 < Vaias = 5V
Z o > ALLNG 2 0,600 - Voo = 1.2V FALLING N
@ Vor = 0.6V
0.0 0.6 ‘ 0.5000 [
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Sourcing Load Regulation inki ji . .
g g Sinking Load Regulation VrerVopa Tracking Ratio
vs. Temperature vs. Temperature
vs. Temperature
1.0% 1.0% ‘ ‘ 0.601
Viy = 1.5V
— | IN
T 05% ~——] T 05% Voms =55V |
z = Vopa = 1.2V 0.600 —
g 0.0% S go% Vir= 0.6V | §
e ':: lout = OA to -3A =
i 4 Viy = 1.5V
Ven =V, w IN
8 0.5% Vi = 1.5V — 8 -0.5% BN eI ; 0:9%9 Vaias = 5V
IN— T
w w
'3 Vaias = 5V o Vppq = 1.2V
— -1.09 Va =
2 -1.0% Vopa = 1.2V 9{ 1.0% 0,508 Vrr= 0.6V
= loyut = 0A
9 Vyr= 0.6V 9 out
-1.5% lour=0Ato3A — -1.5% Ven = Vaias
Ven = Vaias 0.597 | |
-2.0% L L 2.0% 50 25 0 25 50 75 100 125
50 25 0 25 50 75 100 125 5 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
Output Voltage Current Limit Enable Pin Current
vs. Temperature vs. Temperature vs. Temperature
0.6010 55 I I — T T
Vi = 1.5V g_ Viy = 1.5V
S — Veias = 5V = o L Vems =5V /
3 0.6000 — E« 53 — Vppa = 1.2V — E Vppa = 1.2V
< s N SOURCING V= 0.6V & Ven=Vin
: 3 \ Ven = Vaias 8
9 o500 V=18V E s0 \ . = \\ /
= Veias = 5V 5 \\\ o 1 T —
2 Vopa = 1.2V g SINKING N \\ w
= ) 2
Vo= 0.6V ~ [
8 0.5980 ™ O 48 ~= = <
lout = 0A 4
'ouT &
Ven = Veias
0.5970 | | 45 0
50 25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
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Micrel, Inc.

MIC5166

Typical Characteristics (Continued)

Top MOSFET On-Resistance

vs. Temperature

\ \
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Bottom MOSFET On-Resistance

vs. Temperature

| T
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/
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Micrel, Inc. MIC5166

Functional Characteristics

EN Turn-On EN Turn-Off
— - — ~ — —
B EN 1
\Y ] 4 vV & © ien} "
E N + . E . . 4 . .
@2V/div) B i R (2V/div) B S
- VIN | . CWIN D
Vie 117 =3A i Do Vi
(0.5V/div) i) H9%° : (0.5V/Hdiv)
vV : : 1 : : : \Y) |
(0.2V/dliv) 2 frsmmmmarens - e (0.2V/div) R e
VPG ; J VPG : . - . .
(5V/div) (5V/div)
Time (10ps/div) Time (10ps/div)
V,, Turn-On (UVLO) V,, Turn-Off (UVLO
—— —
EN | : : : : CEN T
\Vj : 1 . . \Y}
E X T . . E
(5Vfdivhi[§-\” ........... e SECERE o (5V."divr;r3-\
V t V
(0.5V/div) ™ SE ol xoooz - 165V (0.5V/div)
1 TT *
. . Lo = 3A .
\Y S I LeAD Vi o vt S
(0.2V/div) Pt i (0.2V/div) B} SENEE.AL po —
Veg : ] : : V, PG |
(5V/div) @ — ' (5Vrdiv) ® '
Time (400us/div) Time (10ms/div)
V,,.c Turn-On (UVLO) V,,. Turn-Off (UVLO)
— : — s —
..... BIAS :
VB_IAS Va_ms X X
(2V/div) (2V/div)® - VIN |
Hrerpe vIT o . VIT | . o i
Lo g E””VDDQ=1'2V- : . VDDQ=1,2V:
Vin 5 V=06V Vin : : Pl Vn=08v .
(Osvfd\llv)ﬁ\ - ......... . .: ..... R ILOAD = 3A o (OSVI’d\l/V) |—|* . e . I o lLOF\D = SA
_ Wb : S !
(0.2V/div) 2 — : (0.2V/div) 2
Voo b SRR N RN Voo —
5V/d 5V/d
(SVidiv) Time (2ms/div) (SVidiv) Time (4ms/div)
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Micrel, Inc.

MIC5166

Functional Characteristics (Continued)

Load Transient (¥3A)

Line Transient

(50 V!d\'/”; .,-,.....,, 3 601 '
. B R | :
(AC-COUPLED) "™ s v,
Vi e, e V., =12V 4
(50mV/div) - t - 1.2V V=06V
. o P . T -
(AC-COUPLED) v, _ = 1A
Vg Bl ittt s s s (VI (s VI SHURE UNE N SO S
(5V/div) . Vi By : N
.................. V. =12V (100mV/div)
ADE DA T | @3
(2Avdiv) Lo = 43A LoD ;
LOAD (2A/div) PG
(5V/div)®
Time (10ps/div) Time (400ps/div)
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Micrel, Inc. MIC5166

Functional Diagram

MIC5166
BIAS Vs
[ * * l B,V TO 5.5V
UVLO I 1uF
|_ UVLO -
CONTROL l VIN V,
EN EN } LOGIC " ® 09V TO 3.6V
10uF
| THERMAL | I
SHUTDOWN 1 2 =
N
+N VIT Vv
47> +— T
|_
— EP 2x10pF
Vooa vDDQ -
0.9V TO 3.6V » PGND
: 2 SNS
110% Ve
N\ VREF
10k
1.0pF = N
»C PG
+.7 90%
VREF
Figure 1. MIC5166 Block Diagram
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Micrel, Inc.

MIC5166

Application Information

DDR memory requires two power supplies, one for the
memory chip, referred to as Vppg and the other for a
termination supply V1t, which is one-half Vppq. With
memory speeds in excess of 300MHz, the memory
system bus must be treated as a transmission line. To
maintain good signal integrity the memory bus must be
terminated to minimize signal reflections. Figure 2 shows
the simplified termination circuit. Each control, address
and data lines have these termination resistors RS and
RT connected to them.

Vono= - -
18v vDDQ 1 I+ voba |
CHIP SET — l: 1: MEDMDORRY
H RS
AV —e <D_
. % RT; -
L = .
. =
. voba
V"‘Y‘ - -
J VREF .
H_ RT
]
MIC5166
Vs o—] Blas vono4
1.D|JFT 34.7;”:
= VIT »
—| VN st—i
1chJ- P 22uF
10k PGND AGND H
PG PG =
VREF |—e¢
ENg—————EN 1

gl.(}uF

Figure 2. DDR Memory Termination Circuit

Bus termination provides a means to increase signaling
speed while maintaining good signal integrity. The
termination network consists of a series resistor (Rs) and
a terminating resistor (Rt). Values of Rs range between
10Q to 30Q with a typical of 22Q), while Rt ranges from
22Q to 28Q with a typical value of 25Q. Vrgr must
maintain half Vppq with a £1% tolerance, while Vi1 will
dynamically sink and source current to maintain a
termination voltage of £40mV from the Vggr line under all
conditions. This method of bus termination reduces
common-mode noise, settling time, voltage swings,
EMI/RFI and improves slew rates.

Vppq powers all the memory ICs, memory drivers and
receivers for all the memory bits in the DDR memory
system. The MIC5166 regulates Vit to Vppq during
sourcing or sinking current.

The memory bits are not usually all at a logic high or
logic low at the same time so the Vit supply is usually
not sinking or sourcing —3A or +3A current continuously.

Vir

V1t is regulated to Vger. Due to high-speed signaling, the
load current seen by V7 is constantly changing. To
maintain adequate transient response, two 10uF ceramic
capacitors are required. The proper placement of
ceramic capacitors is important to reduce both ESR and
ESL such that high-current and high-speed transients do
not exceed the dynamic voltage tolerance requirement of
V1. The ceramic capacitors provide current during the
fast edges of the bus transition. Using several smaller
ceramic capacitors distributed near the termination
resistors is important to reduce the effects of PCB trace
inductance.

Vbba

The Vppq input on the MIC5166 is used to create the
internal reference voltage for V+1. The reference voltage
is generated from an internal resistor divider network of
two 500kQ resistors, generating a reference voltage Vrer
that is Vppan. The Vppq input should be Kelvin
connected as close as possible to the memory supply
voltage.

Since the reference is simply Vppqp, any perturbations
on Vppq Will also appear at half the amplitude on the
reference. For this reason a 4.7uF ceramic capacitor is
required on the Vppq supply. This will aid performance
by improving the source impedance over a wide
frequency range.

Sense

The sense (SNS) pin provides the path for the error
amplifier to regulate V1. The SNS input must also be
Kelvin connected to the Vit bypass capacitors. If the
SNS input is connected to close to the MIC5166, the IR
drop of the PCB trace can cause the V17 voltage at the
memory chip to be too low. Placing the MIC5166 as
close as possible to the DDR memory will improve the
load regulation performance.

Enable

The MIC5166 features an active-high enable input (EN)
that allows on-off control of the regulator. The current
through the device reduces to near “zero” when the
device is shutdown, with only <0.2pA of leakage current.
The EN input may be directly tied to Vgas. The active
high enable pin uses CMOS technology and the enable
pin cannot be left floating; a floating enable pin may
cause an indeterminate state on the output.

June 2012

Downloaded from AFFOW.Com.

12

M9999-060612-A


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Micrel, Inc.

MIC5166

Power Good (PG)

The power-good (PG) output provides an under and over
voltage fault flag for the Vit output. The PG output
remains high as long as Vt is within £10% range of Vger
and goes low if the output moves beyond this range.

Figure 3. Power Good Threshold

The PG has an open-drain output. A pull-up resistor
must be connected to Vigas, Vin Or an external source.
The external source voltage must not exceed the
maximum rating of the pin. The PG pin can be
connected to another regulator's enable pin for
sequencing of the outputs.

Vgias Requirement

A 1uF ceramic input capacitor is required on Vgas pin.
To achieve the ulira-fast transient response, the
MIC5166 uses an all N-channel power output stage as
shown in the Functional Diagram. The high-side N-
channel MOSFET requires the Vgas voltage to be 2.2V
higher than the V7 to be able to fully enhance the high-
side MOSFET.

Vin Requirement

V| is used to supply the rail voltage for the high-side N-
channel power output stage. It is normally connected to
Vppg, but it can be connected to a lower voltage to
reduce power dissipation. In this case, the input voltage
must be higher than the V11 voltage to ensure that the
output stage is not operating in dropout.

Component Selection

Input Capacitor

A 10uF ceramic input capacitor is all that is required for
most applications if it is close to a bulk capacitance.

The input capacitor must be placed on the same side of
the board and next to the MIC5166 to minimize the
dropout voltage and voltage ringing during transient and
short circuit conditions. It is also recommended that each
capacitor to be connected to the PGND directly, not
through vias. X7R or X5R dielectric ceramic capacitors
are recommended because of their temperature
performance. X7R-type capacitors change capacitance
by 15% over their operating temperature range and are
the most stable type of ceramic capacitors. Z5U and
Y5V dielectric capacitors change value by as much as
50% and 60% respectively over their operating
temperature ranges. To use a ceramic chip capacitor
with Y5V dielectric, the value must be much higher than
an X7R ceramic.

Output Capacitor

As part of the frequency compensation, the MIC5166
requires two 10uF ceramic output capacitors for best
transient performance. To improve transient response,
any other type of capacitor can be placed in parallel as
long as the two 10uF ceramic output capacitors are
placed next to the MIC5166.

The output capacitor type and placement criteria are the
same as the input capacitor. See the input capacitor
section for a detailed description.

Thermal Considerations

The MIC5166 is packaged in the 3mm x 3mm MLF®, a
package that has excellent thermal performance. This
maximizes heat transfer from the junction to the exposed
pad (ePad) which connects to the ground plane. The
size of the ground plane attached to the exposed pad
determines the overall thermal resistance from the
junction to the ambient air surrounding the printed circuit
board.

Thermal Design

The most complicated design parameters to consider
are thermal characteristics. Thermal design requires the
following application-specific parameters:

e Maximum ambient temperature (Ta)
e  Output current (loy)

e Output voltage (Vour)

e Input voltage (Vi)

e Ground current (Ignp)

June 2012

Downloaded from AFFOW.Com.

M9999-060612-A


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Micrel, Inc.

MIC5166

First, calculate the power dissipation of the regulator
from these numbers and the device parameters from this
datasheet.

Po = (Vin = V1) % lout + (Vaias * lenp) Eq. 1

where the ground current is approximated by using
numbers from the “Electrical Characteristics” or “Typical
Characteristics.”

For example, given an expected maximum ambient
temperature (Ta) of 70°C with V|y = 1.2V, Vgas = 3.3V,
V1= 0.9V, and loyr = 3A, first calculate the expected Pp
using Equation 1:

Pp=(1.2V-0.9V) x 3A + 3.3V x 0.0016A
=0.90528W Eq. 2

Next, determine the junction temperature for the
expected power dissipation above using the thermal
resistance (8,4) of the 10-pin 3mm x 3mm MLF® (YML)
adhering to the following criteria for the PCB design
(loz. copper and 100mm’® copper area for
the MIC5166):

TJ = (eJA X PD) + TA = (607OC/W X 090528W) +70°C
=124.95°C Eq. 3

To determine the maximum power dissipation allowed
that would not exceed the IC’s maximum junction
temperature (125°C) when operating at a maximum
ambient temperature of 70°C:

PD(MAX) = (TJ(MA)() — TA)/GJA = (125°C - 700C)/(607°C/W)
= 0.9061W Eq. 4

Thermal Measurements

It is always wise to measure the IC’s case temperature
to make sure that it is within its operating limits. Although
this might seem like a very elementary task, it is very
easy to get erroneous results. The most common
mistake is to use the standard thermocouple that comes
with the thermal voltage meter. This thermocouple wire
gauge is large, typically 22 gauge, and behaves like a
heatsink, resulting in a lower case measurement.

There are two suggested methods for measuring the IC
case temperature: a thermocouple or an infrared
thermometer. If a thermocouple is used, it must be
constructed of 36 gauge wire or higher to minimize the
wire heatsinking effect. In addition, the thermocouple tip
must be covered in either thermal grease or thermal glue
to make sure that the thermocouple junction is making
good contact to the case of the IC. This thermocouple
from Omega (5SC-TT-K-36-36) is adequate for most
applications.

To avoid this messy thermocouple grease or glue, an
infrared thermometer is recommended. Most infrared
thermometers’ spot size is too large for an accurate
reading on small form factor ICs. However, an IR
thermometer from Optris has a 1mm spot size, which
makes it ideal for the 3mm x 3mm MLF® package.
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Micrel, Inc. MIC5166
Sequencing
The following diagrams illustrate methods for connecting
MIC5166’s to achieve sequencing requirements:
MIC 22705
MIC 22705 1.0pH
1.0pH Ving o9 PVIN sW Voo
Vm_ |~ _VODO 50V 22uF L L | 1.8VITA
5.0V 2257 T SN sw aTuF 1.8VITA L% Sv eF Rl
o x4 X2 - S R1 4?.5k4: } PGND EP 110k
475k PGND EP < 5 ad SGND -
> SGND |+ . < 110k =
= v = PG1m PG FB
PG1m PG FB
ENTm EN/DLY DELAY |— R2
EN1m EN/DLY DELAY — < R2 re COMP 598
i CoMP— i 6e8 _-[—3QDF
3.3nF 39pF
20k
L %
MIC5166
I e 7000 e MIC5166
10%% i”"F » Fj— BIAS VoD@ _f_” -
Op Tyl
Vopolk . VIN VTT _VTT l: 1;
10uF L SNS OOVIEBA  vyoom -+ VIN vTT * = vissa
I_ PGND ep == 22F 104F SNS —1 '
= AGND |4 L PGND EP 22uF
Enzm En VREF 6— = urE ENZm il EN AGND H
PGZ PG imuF ~10mA PG2- oo VREF =~ = uner
- $1.0pF
1 : 1 :
EN/ENZ EN/ENZ
..... Voo, I—— B, V. o
‘- S| P
v, =y [ . Vi = 5V .
Vogg = 1.8V 4 : Vo = 1.8V
V,, =0.9V A ; V=09V
lour = 1A : loyry = 1A
....Z|m'il‘r =1A ... 1} —— loyrs = 1A
‘R, = 3.3nF N : : , : R, = OPEN
ﬁ> e
Time (4ms/div) Time (4ms/div)
Figure 6. Turn-On Sequence with Soft-Start Figure 7. Turn-On Sequence with No Soft-Start
(RC = 3.3nF) (RC = Open)
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Micrel, Inc.

MIC5166

PCB Layout Guidelines

Warning!!! To minimize EMI and output noise, follow
these layout recommendations

PCB Layout is critical to achieve reliable, stable and
efficient performance. A ground plane is required to
control EMI and minimize the inductance in power,
signal and return paths.

The following guidelines should be followed to insure
proper operation of the MIC5166 converter.

IC

e The 10uF ceramic capacitor, which is connected to
the VIN pin, must be located right at the IC. The
VDDQ pin is very noise sensitive and placement of
the capacitor is very critical. Use wide traces to
connect to the VDDQ and AGND pins.

e The signal ground pin (AGND) must be connected
directly to the ground planes. Do not route the
AGND pin to the PGND Pad on the top layer.

e Place the IC close to the point-of-load (POL).

e Use wide traces to route the input and output power
lines.

e Signal and power grounds should be kept separate
and connected at only one location.

Input Capacitor

e A 10pF X5R or X7R dielectric ceramic capacitor is
recommended on each of the VIN pins for
bypassing.

e Place the input capacitors on the same side of the
board and as close to the IC as possible.

o Keep both the VIN pin and PGND connections short.

e Place several vias to the ground plane close to the
input capacitor ground terminal.

e Use either X7R or X5R dielectric input capacitors.
Do not use Y5V or Z5U type capacitors.

e Do not replace the ceramic input capacitor with any
other type of capacitor. Any type of capacitor can be
placed in parallel with the input capacitor.

e |If a Tantalum input capacitor is placed in parallel
with the input capacitor, it must be recommended for
switching regulator applications and the operating
voltage must be derated by 50%.

¢ In “Hot-Plug” applications, a Tantalum or Electrolytic
bypass capacitor must be used to limit the over-
voltage spike seen on the input supply with power is
suddenly applied.

Output Capacitor

e Use a wide trace to connect the output capacitor
ground terminal to the input capacitor ground
terminal.

e Phase margin will change as the output capacitor
value and ESR changes. Contact the factory if the
output capacitor is different from what is shown in
the BOM.

e The feedback divider network must be place close to
the IC with the bottom of R2 connected to AGND.

e The feedback trace should be separate from the
power trace and connected as close as possible to
the output capacitor. Sensing a long high current
load trace can degrade the DC load regulation.
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Micrel, Inc. MIC5166
Evaluation Board Schematics
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MIC5166

Evaluation Board Schematics (Continued)
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Micrel, Inc.

MIC5166

Bill of Materials

Item Part Number Manufacturer Description Qty.
08056D226MAT AVX®

C1,C2,C19 C2012X5R0J226K TDK® 22uF, 6.3V, ceramic capacitor, X5R, 0805 3
GRM21BR60J226ME39L Murata'"
08056D225KAT2A AVX®

C3 C2012X5R0J225K TDK®? 2.2yF, 6.3V, ceramic capacitor, X5R, 0805 1
GRM21BR60J225KA01L Murata'”
06035C102KAT AVX®

C4, C6, C12 C1608X7R1H102K TDK® 1nF, 50V, ceramic capacitor, X7R, 0603 3
GRM188R71H102KA01D Murata'"
06035A390JAT2A AVX®

c7 C1608C0G1H390J TDK® 39pF, 50V, ceramic capacitor, NPO, 0603 1
GRM1885C1H390JA01D Murata'"
06035A391JAT2A AVX®)

cs8 C1608C0G1H391J TDK® 390pF, 50V, ceramic capacitor, NPO, 0603 1
GRM188R71H391KA01D Murata'"
06035A101JAT2A AVX®

c9 C1608C0G1H101J TDK®? 100pF, 50V, ceramic capacitor, NPO, 0603 1
GRM1885C1H101JA01D Murata'"
12066D476MAT2A AVX®

C10, C11 C3216X5R0J476M TDK®? 47uF, 6.3V, ceramic capacitor, X5R,1206 2
GRM31CR60J476ME19L Murata'"
12106D107MAT2A AVX®

C14 C3225X5R0J107M TDK® 100uF, 6.3V, ceramic capacitor, X5R, 1210 1
GRM32ER60J107ME20L Murata'"
06036D106MAT AVX®)

C15, C20, C24 FP3-1RO-R TDK® 10pF, 6.3V, ceramic capacitor, X5R, 0603 3
GRM188R60J106ME47D Murata'"
06036D105KAT2A AVX®

C16, C18, C21, C23 | C1608X5R0J105K TDK®? 1uF, 6.3V, ceramic capacitor, X5R, 0603 4
GRM188R60J105KA01D Murata'"
06036D475KAT2A AVX®

c17 C1608X5R0J475M TDK® 4.7uF, 6.3V, ceramic capacitor, X5R, 0603 1
C1608X5R0J475M Murata‘
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Micrel, Inc. MIC5166

Bill of Materials (Continued)
Item Part Number Manufacturer | Description Qty.
C5 N.U. 0603 ceramic capacitor 1

06035C104KAT2A AVX®
Cc22 C1608X7R1H104K TDK® 0.1uF, 50V, ceramic capacitor, X7R, 0603 1
GRM188R71H104KA93D Murata'"

C13 EEU-FC1A471 Panasonic® 470uF/10V, Elect., 20%, 8x11.5, Radial 1
L1 FP3-1R0-R Cooper® 1uH,6.26A Inductor 1
Q3, Q4 NDS8425 Fairchild” MOSFET, N-CH 20V 7.4A 8-SOIC 2
R1A CRCWO0603300RFKEA Vishay Dale® | 300Q, resistor, 1%, 0603
R1B CRCWO06031101FKEA Vishay Dale® | 510Q, resistor, 1%, 0603 ]
R1C CRCWO0603806RFKEA Vishay Dale® | 806Q, resistor, 1%, 0603
R1D CRCW06031K10FKEA Vishay Dale® | 1.1K, resistor, 1%, 0603
R2 CRCWO0603698RFKEA Vishay Dale® | 6980, resistor, 1%, 0603 1
R3 CRCWO06032002FKEA Vishay Dale® | 20K, resistor, 1%, 0603 1
R4 CRCW06034752FKEA Vishay Dale® | 47.5K, resistor, 1%, 0603 1
E?%,RSQT 1, CRCWO06032R20RFKEA Vishay Dale® | 2.20, resistor, 1%, 0603 5
R7 CRCWO060349RIRFKEA Vishay Dale® | 49.90, resistor, 1%, 0603 1
R9 CRCWO06031002FKEA Vishay Dale® | 10K, resistor, 1%, 0603 1
R10, R19 CRCWO06031K00FKEA Vishay Dale® | 1K, resistor, 1%, 0603 2
R12 CRCWO0603000RFKEA Vishay Dale® | 0Q, resistor, 1%, 0603 1
R13, R14, R24 | CRCW25121R00FKEGHP | Vishay Dale® | 1Q, resistor, 1.5W, 1%, 2512 3
R15 CRCW25122R00JNEG Vishay Dale® | 2Q, resistor, 1.5W, 1%, 2512 1
R16, R18, R20 | CRCWO06031003FKEA Vishay Dale®® | 100K, resistor, 1%, 0603 3
R22, R23 LR2512-R50FW Vishay Dale® | 0.5Q, resistor, 1.5W, 1%, 2512 2
RV1 PV36W103C01B00 Murata'" Pot, 10KQ, 0.5W, 9.6x5xx10 1
U1 MIC22405YML Micrel® 4A, Synchronous Buck Regulator 1
U2 MIC5166YMM Micrel® 3A High-Speed Low V,y DDR Terminator 1
u3 SN74AHCTOORGYR TI® Quad, 2IN Pos-NAND Gate, 14-pin, QFN 1
U4 MIC1557YM5 Micrel® 5MHz RC Timer Oscillator 1
us MIC4425 Micrel® 3A Dual Inverting and Non-Inverting MOSFET Driver 1

Notes:

1. Murata Tel: www.murata.com.

2. TDK: www.tdk.com.

3. AVX: www.avx.com.

4. Panasonic: www.panasonic.com.

5. Cooper: www.cooper.com

6. Vishay Dale: www.vishay.com.

7. Fairchild: www.fairchildsemi.com.

8. TI: www.ti.com

9. Micrel, Inc.: www.micrel.com.
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Micrel, Inc.

MIC5166

PCB Layout Recommendations
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Micrel, Inc. MIC5166

PCB Layout Recommendations (Continued)
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Micrel, Inc. MIC5166

PCB Layout Recommendations (Continued)
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Micrel, Inc.

MIC5166

Package Information
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ALL DIMENSIONS ARE IN MILLIMETERS.

MAX. PACKAGE WARPAGE IS 0.05 mm.

MAXIMUM ALLOWABE BURRS IS 0.076 mm IN ALL DIRECTIONS.
PIN #1 ID ON TOP WILL BE LASER/INK MARKED.

DIMENSION APPLIES TO METALIZED TERMINAL AND IS MEASURED
BETWEEN 0.20 AND 0.25 mm FROM TERMINAL TIP.

APPLIED ONLY FOR TERMINALS.

APPLIED FOR EXPOSED PAD AND TERMINALS.

10-Pin 3mm x 3mm MLF® (ML)
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Micrel, Inc. MIC5166

Recommended Landing Pattern

LP# MLF33D-10LD-LP-1
All units are in mm
Tolerance + 0.05 if not noted
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Red circle indicates Thermal Via. Size should be .300mm — .350mm in diameter and it should
be connected to GND plane for maximum thermal performance.

10-Pin 3mm x 3mm MLF® Land Pattern

MICREL, INC. 2180 FORTUNE DRIVE SAN JOSE, CA 95131 USA
TEL +1 (408) 944-0800 FAX +1 (408) 474-1000 WEB http://www.micrel.com

Micrel makes no representations or warranties with respect to the accuracy or completeness of the information furnished in this data sheet. This
information is not intended as a warranty and Micrel does not assume responsibility for its use. Micrel reserves the right to change circuitry,
specifications and descriptions at any time without notice. No license, whether express, implied, arising by estoppel or otherwise, to any intellectual
property rights is granted by this document. Except as provided in Micrel’s terms and conditions of sale for such products, Micrel assumes no liability
whatsoever, and Micrel disclaims any express or implied warranty relating to the sale and/or use of Micrel products including liability or warranties
relating to fitness for a particular purpose, merchantability, or infringement of any patent, copyright or other intellectual property right.

Micrel Products are not designed or authorized for use as components in life support appliances, devices or systems where malfunction of a product
can reasonably be expected to result in personal injury. Life support devices or systems are devices or systems that (a) are intended for surgical implant
into the body or (b) support or sustain life, and whose failure to perform can be reasonably expected to result in a significant injury to the user. A
Purchaser’s use or sale of Micrel Products for use in life support appliances, devices or systems is a Purchaser’s own risk and Purchaser agrees to fully
indemnify Micrel for any damages resulting from such use or sale.

© 2012 Micrel, Incorporated.
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