VT1165M CHIPSET*

VOLTERRA

REVISION - April 6, 2006

PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING

REGULATOR WITH SMBus

Smart Current Input Output
Slave™ Rating Voltage Voltage VID
VT1105S 0.800V
ZPShA per to VRs 9,
VT1125S ase 1.850V | 10.X, and
10.8V to ™
. 13.0V or Opteron or
VTINSS | soaper| 0.450V | Serial VID
.| Phase to (SVID) Mode
VT1135S 2 0375V

GENERAL DESCRIPTION

The VT1165M chipset, Volterra’s fourth-generation chipset,
is a complete, integrated, scalable architecture for the high-
est density multi-phase synchronous buck regulators. This
ultra high density solution minimizes external components
and offers enhanced regulator performance, comprehensive
controlandreporting features, ease of design and the smallest
footprint available for demanding multi-phase synchronous
buck converters. The chipset is targeted for applications
such as servers and networking systems.

The VT1165M system architecture consists of a master
controller (VT1165M), multiple Smart Slave™ integrated
output devices, input capacitors, output capacitors and
output inductors. The actual number of Smart Slaves™ can
be set by the designer and application requirements. The
desired slave and load operating conditions are controlled
and monitored via an interconnecting digital bus as shown
in Figure 1.

With this chipset, Volterra implements enhancements to
the digital SMBus interface for monitoring and controlling
of the voltage regulator. Regulator parameters can be set
and monitored via the two-way SMBus for control, protection
and shutdown of the regulator. The SMBus can provide a
reading of faults such as VX short-circuit or slave over-tem-
perature, sothatthe regulator can be controlled and protected
during all operating conditions. The SMBus can also provide
temperature readings of individual slaves.

A key benefit of the VT1165M is that it provides excellent
scalability. This flexibility allows the designer to trade-off cost
and performance for a given application using one VT1165M
controller and different slave configurations with no redesign
or re-layout. The number of phases can be determined by
the designer and easily populated or de-populated to meet
different load and performance targets.

*NOTE: The VT1165M, VT1105S and VT1125S have a
status of NEW PRODUCT. The VT1115S and
VT1135S have a status of PRELIMINARY. See
the back page of this datasheet for details on
these statuses.

KEY FEATURES

¢ Smallest Footprint: Typical Solution Occupies Less
than 1600mm? in a 150A VRM Application
Lowest Profile: 5mm Maximum Height
Highest Accuracy Current Sharing
Differential Voltage Sense at Point of Load
1A/ns Step Load Transient Response
Scalable Output Current: Up to 8 Slaves
Slave Temperature Reporting
Compatible with Coupled Inductors
Programmable Switching Frequency:
500kHz-1.3MHz
6-Bit VID Input, with 12.5mV Steps and Setpoint
Trim for Programmable Voyr

— Intel® VR 9: 1.100V-1.850V

— Intel® VR 10.X: 0.8375V-1.6000V

— AMD® Opteron™: 0.800V-1.550V

— Serial VID (SVID) Mode: 0.450V-2.0375V
Dynamic VID
Programmable VID via SMBUS
Programmable Setpoint and Droop
Programmable OVP, OVLO and UVLO
Cycle-by-Cycle Current Limiting
Power Good Flag, Fault Flag and Output Enable

SYSTEMS

Servers and Workstations

Enterprise Storage

Broadband Communication & Networking
Small Form Factor Desktops

APPLICATIONS

Voltage Regulator Modules (VRMs) and On-Board

Regulators (VR Down)

e Microprocessors (1P): 32 and 64 Bit I/A and RISC
Architectures

e Memory

o Graphics Processors

BASIC APPLICATION CIRCUIT
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Figure 1. VT1165M System Architecture
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VT1165M CHIPSET
PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

ORDERING INFORMATION

Part Number Package Style Drawing Number Shipment Method Package Marking
VT1105SCR 25A Smart 250u Tape & Reel
VT1105SCX Slave™ CSP-52 ES AP-0588 2.5ku Tape & Reel VT1105S
VT1115SCR 30A Smart 250u Tape & Reel
VT1115SCX Slave™ CSP-53 ES AP-0794 2.5ku Tape & Reel VTI11sS
VT1125SCR 25A Smart 250u Tape & Reel
VT1125SCX Slave™ CSP-69 ES AP-0760 2.5ku Tape & Reel VTT125S
VT1135SCR 30A Smart 250u Tape & Reel
VT1135SCX Slave™ CSP-41 ES AP-0804 2.5ku Tape & Reel VT1138S
Lead-Free Options (RoHS Compliant)
VT1165MFQ Trays
VT1165MFQX Master QFN-40 ES AP-0906 2.5ku Tape & Reel VT1165MF
VT1105SFCR 25A Smart 250u Tape & Reel

P-52 ES AP- VT11 F
VT1105SFCX Slave™ CSP-5 S 0588 2.5ku Tape & Reel 055
VT1115SFCR 30A Smart 250u Tape & Reel
VT1115SFCX Slave™ CSP-53 ES AP-0794 2.5ku Tape & Reel VTT115SF
VT1125SFCR 25A Smart 250u Tape & Reel

P- ES AP-07 VT1125SF
VT1125SFCX Slave™ CSP-69 SHPQY 2.5ku Tape & Reel 5S
VT1135SFCR 30A Smart 250u Tape & Reel

P-41 ES AP-0804 VT11 F
VT1135SFCX Slave™ cs S 080 2.5ku Tape & Reel 355
ABSOLUTE MAXIMUM RATINGS (SEE NOTE 1) THERMAL RATINGS
Supply Voltage (12V)....cooceveeiiiiiieeeiiiieeeeee -0.3Vto 16V Oyc Max (QFN-40) .....ccceveeeeeeeiiiiciiieeeeeeee e 14.8°C/W
Supply & Input Pin Voltages (3.3V) ......cc.cc........ -0.3Vt0 4V Oy Max (CSP-41) ... 0.6°C/W
VT1165M SC and SD Pin Voltages.................... “0.3Vto 7V Oyc Max (CSP-52) .....eevviiiiiieeeiieee e 0.5°C/W
Junction Temperature (Ty)..cccoceeeviiieeeeeiiieeee e, 150°C.  Oyc Max (CSP-53) ....covvicriiie e 0.5°C/W
Storage Temperature Range ...................... -65°C 10 150°C  Oyc Max (CSP-69) .....ccovvurrereiiiiiiieeeeiieee e 0.3°C/W
Peak Reflow Temperature Eutectic...........cccccieeenee. 245°C  OA2 TYP (CSP-41) e 21°C/W
Peak Reflow Temperature Lead-Free .........cccce........ 260°C OUA2 TYP (CSP-52) .. 19°C/W

OJAZ TYP (CSP-53) ..o 19°C/W
2 _ o

OPERATING RATINGS OJAZ TYP (CSP-69) ..o 17°C/W
Input 3.3V Voltages (MaSster &SIAVE) ........coiiieeii i e s s enneeea s 2.97V to 3.63V
=N R oA U o] o) o TP U USRS 10.8V to 13.2V
Junction Temperature (Tj) MaSter & SIAVE........co.uuiiii e e e 0°C to 125°C
FrEQUENCY (FSW) .ttt ettt ettt ekt sttt e ettt e e bt e e et e e e s be e e e ae e e e anbe e e sabeeeaabeeesabeeeanbeeesneeeas 500kHz to 1.3MHz
Design Guideline for Maximum Slave DC Output Current (VT1105S, VTT125S) .....cuiiiiiiiiiieieeieee e 25A
Design Guideline for Maximum Slave DC Output Current (VT1115S, VT1135S) ..coiiiiiiiiiiiii e 30A
Electrical DC Current Limit Per Slave Assuming No Thermal Limitations (VT1105S, VT1125S) .....cccooiiiiiiiiiiieeeeeienn. 30A
Electrical DC Current Limit Per Slave Assuming No Thermal Limitations (VT1115S, VT1135S) ......cccciiiiiiiieiiiiieinnenn. 36A
Peak Instantaneous Slave Current (VT1105S, VTT125S) ......uiiiiiiiiiiiiie ittt sttt st e st e s s beee e 56A
Peak Instantaneous Slave Current (VT1115S, VTT135S) ...ttt e 63A

NOTE 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 in the operational sections of the specifications
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

NOTE 2: Data taken with Volterra's evaluation kit. Assumes no heatsink and 200LFM of airflow.

2 Volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute. REVISED - 04/06/06



VT1165M CHIPSET

PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

ELECTRICAL CHARACTERISTICS
Vpp-m=Vpbp-s =Vce-s=3.3V £10%, Vpp-H = 10.8V to 13.2V unless otherwise specified. The *k symbol denotes specifica-
tions which apply over the following junction temperature ranges: T;.s_ave = 0 to 125°C and T;.masTter = 0 to 100°C,

Parameter

Conditions

otherwise specifications are for T; = 25°C. The # denotes parameters that are programmable.

Min

Typ

Max

Units

Supply Voltages, Vpp and Vcc
Vbb-M Supply Voltage Range (Master) *| 297 | 3.3 | 3.63 V
VpD-s, Supply Voltage Range (Slave 3.3V) k| 297 | 3.3 | 3.63 \
Vee-s
VDDH Supply Voltage Range (Slave 12V) *| 10.8 [ 12.0 | 13.2 \
IbD-Mm Supply Current (Master) PWM 13 mA
Shutdown, OE =0 10 mA
Ipp-s, Supply Current (Slave 3.3V) VT1105S |PWM 45 mA
lcc-s Shutdown 20 mA
VT1115S |PWM 25 mA
Shutdown 20 mA
VT1125S |PWM 55 mA
Shutdown 20 mA
VT1135S |PWM 25 mA
Shutdown 20 mA
IDDH Quiescent Supply Current VT1105S 1 mA
(Slave 12V) VT1115S 2 mA
VT1125S 1 mA
VT1135S 2 mA
Output Voltage and DC Accuracy
VouTt Output Voltage Range VR 9 VID Code *| 1.100 1.850 Y
VR 10.X VID Code % 0.8375 1.6000| V
Opteron™ VID Code *| 0.800 1550 | V
ERRORwmasTeER-REF | DC Setpoint Accuracy (including Full VID Range: k| -6 +9 mV
voltage reference and master The Greater of or or
amplifier) -0.8 +0.8 %
Regulation and System Specifications (Specified by design, tested using circuits in Figures 5 & 6)
AVout Line Regulation VppH = 12V £10% 5 mV
Output Ripple 10 mV
SRouTt Output Slew Rate 1000 Alus
TTURN-ON Turn-On Response Time. Time to From Vpp-m > UVLO 4.6 54 ms
Vout > 95% of Final Value. (8 slaves, Iyax = 28A,
800kHz, 300uF/slave,
Cnowm = 6.8nF). Includes
configuration time.
From OE Positive Edge 0 100 | 200 us
(8 slaves, Iyax = 28A,
800kHz, 300uF/slave,
Cnowm = 6.8nF)
VOVERSHOOT Turn-On Overshoot Built in Soft Start 0 %
VUNDERSHOOT Turn-Off Undershoot 30Q Load 0 mV
CMRRseNsE Common-Mode Rejection Ratio of 40 dB
Differential Sense
ISENSE SENSE Pin Currents SENSE+ Sinking, 60 100 A
SENSE- Sourcing

REVISED - 04/06/06
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VT1165M

CHIPSET

PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

ELECTRICAL CHARACTERISTICS (conTINUED)

Symbol

Parameter

Conditions

Typ

Max

Regulation and System Specifications (Specified by design, tested using circuits in Figures 5 & 6) (CONTINUED)

Eff Efficiency (Measured at Inductor), [VT1105S |[VID = 1.4V, 80 %
6 Phases Vourt = 1197V,
louT = 150A
VID = 1.4V, 83 %
VouT = 1.233V,
lout = 130A
VT1115S |VID = 1.4V, 83 %
VouT = 1.197V,
lout = 150A
VID = 1.4V, 85 %
VouT = 1.233V,
lout = 130A
VT1125S |VID = 1.4V, 83 %
Vout = 1.197V,
lout = 150A
VID = 1.4V, 85 Y%
VouT = 1.233V,
lout = 130A
VT1135S |VID = 1.4V, 80 %
VouTt = 1.197V,
louT = 150A
VID = 1.4V, 83 %
VouT = 1.233V,
lout = 130A
Slave Scalability and Peak Current Limit
NsLave Maximum Total Number of Slaves 8
ILimM-sL Peak Current Limit Per Slave VT1105S, VT1125S8 56 A
VT1115S, VT1135S 63 A
IMAX-SL(DC) DC Maximum Output Current Per |VT1105S, VT1125S # 25 A
Slave VT1115S, VT1135S # 30 A
- Slave DC Current Accuracy VT1105S, VT1115S, %k 5 7 %
Relative to Full Load VT1125S, VT1135S
MASTER DIGITAL CONTROL AND STATUS PINS
Data (SD) and Clock (SC) Pins (SMBus High Power Specification Version 2.0)
ViL Input Low Voltage 0.8 \%
ViH Input High Voltage 241 \
VoL Output Low Voltage (SD) @ Igink = 2.5mA 0.4 \
OE and VID[0:5] Pins for VR 9, Opteron™ and Programmable VID Mode
ViL Input Low Voltage 0.8 Vv
ViH Input High Voltage 1.7 \
OE and VID[0:5] Pins for VR 10.X
ViL Input Low Voltage 0.4 \%
ViH Input High Voltage 0.8 \Y

4  volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute.
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VT1165M CHIPSET

PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

ELECTRICAL CHARACTERISTICS (conTINUED)

Parameter Conditions
PWRGD and FAULTB Pins
- PWRGD DC Threshold Error -40 +40 mV
- Delay from Voyt to PWRGD After Startup 8 20 us
- PWRGD Lockout after OE Goes 1.6 2.0 2.4 ms
High (UVLO & OVLO Low)
VoL Output Low Voltage @ Igink = 2.5mA 0.4 Vv
OvVP
- DC Threshold Error -40 +40 mV
- OVP Lockout OE Goes High (UVLO 1.6 20 | 24 ms
& OVLO Low)
OCP
locp OCP Inception Point Refer to Table 1C (locp for all Iyax settings)
Isc-Pk Peak Current for Short Circuit Refer to Table 1D (lsc-pk for all Iyax settings)
- Hiccup Period 46 50 54 ms
- Hiccup Duty Cycle 10 %
- Latch Off Delay 4.5 50 | 55 ms
Undervoltage and Overvoltage Lockout 12V Supply
IN_UVLORe 12V UVLO Reference Voltage 1.262 [ 1.301 | 1.338 \Y
Rising Edge
IN_UVLOrg 12V UVLO Reference Voltage 1.191 | 1.238 [ 1.269 \
Falling Edge
IN_UVLOH{YSTERESIS UVLO Hysteresis 45 67 mV
IN_OVLORe 12V OVLO Reference Voltage 1.262 [1.305|1.338 Vv
Rising Edge
IN_OVLOFg 12V OVLO Reference Voltage 1.191 | 1.236 | 1.269 \
Falling Edge
IN_OVLOHYSTERESIS OVLO Hysteresis 45 67 mV
tuvLo, 12V UVLO and OVLO Response Including time to 7.25 us
tovLo Time shut down the slave
tuvLo-REC, 12V UVLO and OVLO Recovery Not including 7.25 us
tovLo-REC Time soft-start delay
Undervoltage Lockout 3.3V Supply (Master-Internal)
3_3V_UVLO 3.3V Internal UVLO Rising Threshold 2.85 V
Falling Threshold 2.69 V
3_38V_UVLOnysTERESIS |Hysteresis 100 mV
Slave FAULTB Ball (VT1115S, VT1125S, VT1135S)
VOL-FAULTB FAULTB Output Low Voltage With 4.7kQ external 0.1 0.4 \Y
pull-up
RPULLDOWN-FAULTB FAULTB Pull-Down Resistance 50 200 Q
SMBus Reporting
- SMBus Current Reporting Accuracy -10 +10 | % of Iyax
- SMBus Temperature Reporting +2 °C
Accuracy
SPHASE
- SPHASE Clock Period Tolerance Including 1% -6 +6 %
Resistor Tolerance

REVISED - 04/06/06
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VT1165M CHIPSET
PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus
TYPICAL OPERATING CHARACTERISTICS

Output Switching Nodes - Eight Slaves Switching Output Switching Nodes - Eight Slaves Switching
Out-of-Phase (Slaves 1-4) Out-of-Phase (Slaves 5-8)
A T T
. (0 £ - . -
WAL L r R T
TSR O I P - IR - Y b
[N I SN O U - O U Y (0 - IR
. [ SN N VU ' = 4
Time/Div: 200ns Time/Div: 200ns
Conditions: Voyrt = 1.2V, No Load Conditions: Voyt = 1.2V, No Load
1: Vx Switching Node for Slave #1 (10V/div) 1: Vx Switching Node for Slave #5 (10V/div)
2: Vx Switching Node for Slave #2 (10V/div) 2: Vx Switching Node for Slave #6 (10V/div)
3: Vx Switching Node for Slave #3 (10V/div) 3: Vx Switching Node for Slave #7 (10V/div)
4: Vx Switching Node for Slave #4 (10V/div) 4: Vx Switching Node for Slave #8 (10V/div)
(Triggered From Slave #1) (Triggered From Slave #1)
Load Transient Response - 8 Slave VT1105S System Output Voltage Overshoot - 8 Slave VT1105S System
T I |
¥ T A: 144mV
A 150mV - - i
N S o -y —_ *
|| I L "l / T )
Time/Div: 20us Time/Div: 5us
Conditions: Voyt = 1.2V, No Load Conditions: Voyt= 1.2V
lout = 100A-0A Load Step lout = 100A-0A Load Step
Slew Rate > 1000A/us Loadline = 1.28mQ
Cout =58 x 22uF Cout =58 x 22uF
1: Output Voltage (100mV/div) 1: Output Voltage (100mV/div)

6 Volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute. REVISED - 04/06/06



VT1165M CHIPSET
PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus
TYPICAL OPERATING CHARACTERISTICS (conTinuED)

Output Voltage Undershoot - 8 Slave VT1105S System Startup Response References 12V Supply
I I T
T A: 144mV T
T Nyai T
T d T i
\ T T
L N - 4
:.:.:.:.Xf:.:.:.:“ LI T 'g
I J' 1 3
- -
I t 1
Time/Div: 5us Time/Div: 5ms
Conditions: Voyt = 1.2V Conditions: Voyt = 1.2V, No Load
louT = 0-100A Load Step 1: 12V Input Voltage (10V/div)
Loadline = 1.28mQ 2: 3.3V Input Voltage (5V/div)
Cout =58 x 22uF 3: PWRGD Signal (5V/div)
1: Output Voltage (100mV/div) 4: Output Voltage (1V/div)
Startup Response References 3.3V Supply Output Ripple - 8 Slave VT1105S System
- 1 |
" A P P A A SIS SR P
b‘/_ :: 2 ::::::::::::::::::::::::::::::::::::::::::
r:: T
n ] T = F
T 4_. T
T T 1
Time/Div: 2ms Time/Div: 20us
Conditions: Voyrt = 1.2V, No Load Conditions: Voyt= 1.2V
1: 12V Input Voltage (10V/div) lout = 160A
2: 3.3V Input Voltage (5V/div) Cout =58 x 22uF
3: PWRGD Signal (5V/div) 1: Output Voltage (20mV/div)
4: Output Voltage (1V/div) 25MHz BWL

Measured @ Output Capacitor

REVISED - 04/06/06 Volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute. 7



VT1165M CHIPSET
PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

TYPICAL OPERATING CHARACTERISTICS (conTINUED)

System Efficiency - 5 VT1105S Slaves Typical System Efficiency - 5 VT1115S Slaves
95% 95%
90% 90%
e = — k\ ———
85% = %:\ 85% e 4 . — ’\.:\
S~ ..\ r e T~ .\\
> =~ > il m~
[$) c 4 -~ ~
< 80% o 80% r
Q2 'S /
2 = /r
= 75% W 75% !
I
) — -VID=1.2v l — -VID=1.2V
70% —VID=1.4V [| 70% ', —viD=14v]
—e—VID = 1.6V —e—VID = 1.6V
65% 1 65% +—1 | |
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 160
Output Current (A) Output Current (A)
Conditions: VN =12V Conditions: VN =12V
LouTt = 120nH Lout = 120nH
Fsw = 804kHz T S aKHz
o A =
. Ta=25°C Loadline (@ Vsense) = 1.25mQ
Loadline (@ Vsensg) = 1.25mQ VouT Measured @ Inductor
VouTt Measured @ Inductor
Typical System Efficiency - 6 VT1125S Slaves Typical System Efficiency - 3 VT1135S Slaves
95% 95%
90% ey 90% ;:‘\\\
/:’/’:_—-'QH\\\ A \\Q‘\\
85% e e 85% ! R et o
> / \\\\ > , I~ ~ \'
o /] T~ o nES
S 80% - & 80%
3 l/ g [
i 75% / W 750
I
/ — -VID=1.2V — -VID=1.2V
70% ——VID =1.4V [ 70% —VID=1.4V ||
# —e—VID = 1.6V ——VID =1.6V
65% +— 65% 1 1 1
0 20 40 60 80 100 120 140 160 0 10 20 30 40 50 60 70 80 90 100
Output Current (A) Output Current (A)
Conditions: V|y =12V Conditions: VN =12V
LouT = 120nH Loyt = 100nH
Fsw = 800kHz Fsw = 800kHz
Ta=25°C Ta=25°C
Loadline (@ Vsgensg) = 1.2mQ System Loadline = 1.4mQ
VouTt Measured @ Inductor Vout Measured @ Inductor

8 Volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute. REVISED - 04/06/06



VT1165M CHIPSET
PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus
TYPICAL OPERATING CHARACTERISTICS (conTINUED)

Estimated Power Dissipation - 1 VT1105S Slave Estimated Power Dissipation - 1 VT1115S Slave
7 6
6 . /
s 7
s 5 %
T 5 ¢
Sa 2
- 1]
s g°
o3 7}
(2] —
a Q>
&> &
S — -Vout=1.2V % ] e — -Vout=1.2V ||
o1 o ——Vout = 1.4V H o —Vout = 1.4V
—e—Vout = 1.6V ——Vout = 1.6V
0 I — 0 N N —
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Output Load (A) Output Load (A)
Conditions: VN = 1.2V Conditions: V|y =12V
Lout = 120nH Lout = 120nH
Fsw = 850kHz Fsw = 8500kHz
T,=100°C Ty=100°C
Estimated Power Dissipation - 1 VT1125S Slave Estimated Power Dissipation - 1 VT1135S Slave
45 7
a0 / .
d
= // S5
c 3.0 7 s
i) 4 o
B 25 =4
o o
w 2.0 3
8] / 2
- - -
% 10 — -Vout=1.2V % — -Vout=1.2V
o ——Vout =1.4V a1 —Vout = 1.4V
03 —o—vz:t =1.6V =’ —*—Vout=1.6V
0.0 N — 0 I —
0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26
Output Load (A) Output Load (A)
Conditions: V|y =12V Conditions: VN =12V
Lout = 120nH Loyt = 120nH
Fsw = 850kHz Fsw = 850kHz
T, =100°C T,=100°C

REVISED - 04/06/06 Volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute. 9



VT1165M CHIPSET

PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

OE
PWRGD

VT1165M (QFN-40) PINOUT

R_SEL6

R_SEL5

R_SEL4

C_40] vID4
(39| viDs
-
7]

VID3

VID2

VID1

VIDO

VDD

GND

VNOM+

VNOM-

SENSE+

SENSE-

VAMP_OUT1
VAMP_IN
VAMP_OUT2

C36] sc

C34] GND
33
32
31

55 sp

R_REF

n

R_SEL3

R_SEL2

R_FREQ

VDD

o

VIN_OV

VIN_UV

R_SELA1

IDES_N

o e B Bl BB

N

IDES_P

NC

SPHASE
DBI
DBO
R_SELO

PIN INFORMATION FOR MASTER
CONTROLLER

VID[5:0] (Pins 1-4, 39, 40): Output voltage identification
code.

VDD (Pins 5, 26): 3.3V power.
GND (Pins 6, 34): Ground.

VNOM+, VNOM- (Pins 7, 8): DAC output used as the regu-
lation reference. The no-load output voltage is equal to this
reference. See the Output Voltage Programming section for
additional design information.

SENSE+ (Pin 9): Positive remote sense.

SENSE- (Pin 10): Negative remote sense.

NC (Pin 11, 16): No connect.

VAMP_OUT1 (Pin 12): Sense amplifier output.

VAMP_IN (Pin 13): Error amplifier inverting input.
VAMP_OUT2 (Pin 14): Error amplifier output.

FAULTB (Pin 15): Active low fault condition flag. This open

drain output should be externally pulled high with a resis-
tor.

SPHASE (Pin 17): Slave phase clock output. This pin pro-
vides a switching frequency reference clock signal to each
slave in the system. It should be connected to each slave’s
SPHASE input.

DBI (Pin 18): Digital control bus input.
DBO (Pin 19): Digital control bus output.

R_SEL[6:0] (Pins 20, 23, 28, 29, 31-33): System configura-
tion resistors. (Programmable features detailed in Table 5.)

IDES_P (Pin 21): Idesired command (+).
IDES_N (Pin 22): Idesired command (-).

VIN_UV (Pin 24): Scaled version of slave VDDH voltage for
undervoltage shutdown. This pinis usedto program the input
undervoltage lockout threshold for the slave VDDH supply.
See the Undervoltage and Overvoltage Programming and
Protection section for additional design information.

10 volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute.
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VT1165M CHIPSET

PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

VIN_OV (Pin 25): Scaled version of slave VDDH voltage
used for overvoltage shutdown. This pin is used to program
the input overvoltage lockout threshold for the slave VDDH
supply. See the Undervoltage and Overvoltage Programming
and Protection section for additional design information.

R_FREQ (Pin 27): Resistor used to program switching
frequency.

R_REF (Pin 30): Reference resistor used to calibrate
R_SEL.

SD (Pin 35): Serial data pin for SMBus interface. See the
SMBus Communication with the VT1165M section for ad-
ditional design information. When not in use, this pin should
be connected to VDD.

SC (Pin 36): Serial clock pin for SMBus interface. See the
SMBus Communication with the VT1165M section for ad-
ditional design information. When not in use, this pin should
be connected to VDD.

PWRGD (Pin 37): Power good output pin. This pin indicates
whether the output voltage is within regulation. This open-
drain output should be externally pulled HIGH with a resistor.
See the Power Good and Undervoltage and Overvoltage
Programming and Protection sections for additional design
information.

OE (Pin 38): Output enable input pin. When this pin is HIGH,
the output voltage is enabled. When this pin is LOW, the
output voltage is disabled.

REVISED - 04/06/06

Volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute. 1



VT1165M CHIPSET
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PIN INFORMATION FOR VT1105S SMART
SLAVE™

BST (Ball A1): Bootstrap supply for high side drivers.

VDDH (Balls A2-A6): 12V input supply voltage node. These
balls connect to the 12V input power supply source.

VX (Balls B1-B6, D1-D6, F1-F6): Switching node. These
balls connect the switching node of the power devices to
the output inductor.

VSS (Balls C1-C6, E1-E6, G1-G6): Power FETs ground node.

These balls connect directly to the ground plane.
VCC (Ball H1): 3.3V supply for low side drivers.
VDD (Balls H2, J1): 3.8V supply for control circuits.

GND (Balls H5, J4): Ground for control circuits.

SPHASE (Ball H6): SPHASE clock input from VT1165M
master controller.

IDES_N (Ball J2): Negative input side of differential desired
current signal.

IDES_P (Ball J3): Positive input side of differential desired
current signal.

DBI (Ball J5): Digital control bus input.
DBO (Ball J6): Digital control bus output.

12 volterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute.
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VT1165M CHIPSET
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DBO  SPHASE, VDDH VX VSS VX VSS VX VSS
Control | Power Section
Section |
Top View

VT1115S (CSP-53) PINOUT

9 8 7 6 5 4 3 2 1
0000000 ® 0~
VSsS VSS VSS VX BST
0000000 D D=
VSS VX VSS VX Vvss Vvx vbpH | VDD FAULTB
cO0 000000 c

VSS VX VSS VX Vss

VX VDDH | IDES_N
D

|
|
|
|
|
|
|
|
|
|
...i@ .ng
|
|
|
|
|
|
|
|

VSS VX VSS VX VSS VX VDDH GND @ F
EQ O 00O OO O -«
VSS VX VSS VX VSS VX VDDH DBI
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Bottom View-Ball Side Up

PIN INFORMATION FOR VT1115S SMART
SLAVE™

VDD (Balls A1, B2): 3.3V supply for control circuits.
VCC (Ball A2): 3.3V supply for low side drivers.
BST (Ball A3): Bootstrap supply for high side drivers.

VX (Balls A4-F4, A6-F6, A8-F8): Switching node. These
balls connect the switching node of the power devices to
the output inductor.

VSS (Balls A5-F5, A7-F7, A9-F9): Power FETs ground node.

These balls connect directly to the ground plane.

FAULTB (Ball B1): Fault signal. Active low. This open-drain
output should be externally pulled high with a resistor.

VDDH (Balls B3-F3): 12V input supply voltage node. These
balls connect to the 12V input power supply source.

IDES_N (Ball C2): Negative input side of differential desired
current signal.

IDES_P (Ball D1): Positive input side of differential desired
current signal.

GND (Balls E2, F1): Ground for control circuits.
DBI (Ball G2): Digital control bus input.
DBO (Ball H1): Digital control bus output.

SPHASE (Ball H2): SPHASE clock input from VT1165M
master controller. A 1kQ resistor is recommended in series
with each slave's SPHASE line.
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PIN INFORMATION FOR VT1125S SMART
SLAVE™

VDD (Balls A1, B2): 3.3V supply for control circuits.
VCC (Ball A2): 3.3V supply for low side drivers.
BST (Ball A3): Bootstrap supply for high side drivers.

VX (Balls A4-G4, A6-G6, A8-G8, A10-G10): Switching node.

These balls connect the switching node of the power devices
to the output inductor.

VSS (Balls A5-G5, A7-G7, A9-G9): Power FETs ground node.

These balls connect directly to the ground plane.

FAULTB (Ball B1): Fault signal. Active low. This open-drain
output should be externally pulled high with a resistor.

VDDH (Balls B3-G3): 12V input supply voltage node. These
balls connect to the 12V input power supply source.

IDES_N (Ball C2): Negative input side of differential desired
current signal.

IDES_P (Ball D1): Positive input side of differential desired
current signal.

GND (Balls E2, F1): Ground for control circuits.
DBI (Ball G2): Digital control bus input.
DBO (Ball H1): Digital control bus output.

SPHASE (Balls H2, J2): SPHASE clock inputfrom VT1165M
master controller. A 1kQ resistor is recommended in series
with each slave's SPHASE line.

NC (Ball J1): No connect.
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PIN INFORMATION FOR VT1135S SMART
SLAVE™

VDD (Balls A1, B2): 3.3V supply for control circuits.
VCC (Ball A2): 3.3V supply for low side drivers.

BST (Ball A3): Bootstrap supply for high side drivers.

VX (Balls A4-F4, A6-F6): Switching node. These balls con-
nect the switching node of the power devices to the output
inductor.

VSS (Balls A5-F5, A7-F7): Power FETs ground node. These
balls connect directly to the ground plane.

FAULTB (Ball B1): Fault signal. Active low. This open-drain
output should be externally pulled high with a resistor.

VDDH (Balls B3-F3): 12V input supply voltage node. These
balls connect to the 12V input power supply source.

IDES_N (Ball C2): Negative input side of differential desired
current signal.

IDES_P (Ball D1): Positive input side of differential desired
current signal.

GND (Balls E2, F1): Ground for control circuits.
DBI (Ball G2): Digital control bus input.
DBO (Ball H1): Digital control bus output.

SPHASE (Ball H2): SPHASE clock input from VT1165M
master controller. A 1kQ resistor is recommended in series
with each slave's SPHASE line.
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REFERENCE DESIGNS (CONTINUED)
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VT1165M CHIPSET
PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus
PACKAGE DIMENSIONS - VT1165M

Title: Doc No. Rev.
VOLTERRA Package Outline - 40 Lead QFN ES AP-0906 0
Page 1 of 2
TOP VIEW SIDE VIEW BOTTOM VIEW
A Exposed Pad
Pin #1 ID—{ " > - ’* C
A (g R N
A A

- e

B
RECOMMENDED LAND DETAIL A
PATTERN QFN
G Detail A Pads
. ,J"‘G@@GD@@@D‘\, ,(
#I: »@ (@_) 0 Y
Lo
| | *.__ PCB
1) % L———> <« Lands
G M
= = N 0
MILLIMETER INCHES*
[ & DIM MIN TYP MAX MIN TYP MAX
'\\ QQQ@QQQQ@@ _ A A A 5.9000 6.1000 0.2323 0.2402
- - B 0.8000 0.9000 0.0315 0.0354
4»‘ L H C 0.3000 0.5000 0.0118 0.0197
D 0.1800 0.3000 0.0071 0.0118
F E 0.5000 0.0197
F 4.5000 0.1772
G 5.6000 0.2205
H 0.5000 0.0197
J 0.2800 0.0110
K 0.6000 0.0236
L 0.1800 0.3000 0.0071 0.0118
Notes: M 0.3000 0.5000 0.0118 0.0197
1. Drawings not to scale N 0.0500 0.0020
2. Controlling dimensions are in millimeters ) 0.1500 0.0059

*Inches provided for reference only.
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VT1165M CHIPSET
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PACKAGE DIMENSIONS -VT1105S

Title: Doc No. Rev.
VOLTERRA Package Outline - 52 Ball CSP ES AP-0588 3
VSC1054 / VSC1200/ VT1105S P
age 1 of 2

TOP VIEW SIDE VIEW BOTTOM VIEW
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* Inches provided for reference only

TYPICAL PAD DESIGN
0.280mm +0.05mm PCB Solder Mask Opening
‘«— 0.355mm Minimum PCB Pad Diameter

Notes
1. Drawing not to scale.
2. Controlling dimensions are in millimeters
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PACKAGE DIMENSIONS -VT1115S

Title: Doc No. Rev.
VOLTERRA Package Outline - 53 Ball CSP ES AP-0794 2
VSC1088 / VT1115S P
age 1 of 2
TOP VIEW BOTTOM VIEW
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A
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c 0.650 0.0256
d 1.300 0.0512
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I 6 x 0.5mm = 3.00mm 'I‘p'l *Inches provided for reference only.
TYPICAL PAD DESIGN
0.280 +0.05mm PCB Solder Mask Opening
«— 0.355mm Minimum PCB Pad Diameter
Notes
1. Drawing not to scale.
2. Controlling dimensions are in millimeters.

38 Vvolterra Semiconductor Corp. Proprietary. Do Not Copy. Do Not Distribute.

REVISED - 04/06/06




VT1165M CHIPSET
PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus
PACKAGE DIMENSIONS -VT1125S

Title: Doc No. Rev.
VOLTERRA Package Outline - 69 Ball CSP ES AP-0760 0
VSC1075/VT1125S P
age 1 of 2
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Note: Rows & columns on the Control Section are
SIDE VIEW NOT on a common grid with the Power Section.
Control | See Land Pattern for detailed dimensions.
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T 000000006 H,
Oy L S e e e e — _I. Jy
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TYPICAL PAD DESIGN
0.280 +0.05mm PCB Solder Mask Opening
«— 0.355mm Minimum PCB Pad Diameter
Notes
1. Drawing not to scale.
2. Controlling dimensions are in millimeters.
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VT1165M CHIPSET

PROGRAMMABLE OUTPUT, MULTIPHASE SWITCHING REGULATOR WITH SMBus

PACKAGE DIMENSIONS -VT1135S

Title: Doc No. Rev.
VOLTERRA Package Outline - 41 Ball CSP ES AP-0804 3
VSC1099 / VT1135S
Page 1 of 2
TOP VIEW BOTTOM VIEW
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Note: Rows & columns on the Control Section are
SIDE VIEW NOT on a common grid with the Power Section.
See Land Pattern for detailed dimensions.
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TYPICAL PAD DESIGN
0.280 +0.05mm PCB Solder Mask Opening
«— 0.355mm Minimum PCB Pad Diameter
Notes
1. Drawing not to scale.
2. Controlling dimensions are in millimeters.
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