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12 Phase Synchronous-Rectified Buck Controller
for Next Generation CPU Core Power

Selectable 12/8-phase Operation by Hardware
Setting

Precision Core Voltage Regulation

Differential Remote Voltage Sensing

Adjustable Reference Voltage Offset

Continuous Inductor DCR Current Sensing
I2C Interface

Voltage Adjustment

Switching Frequency Adjustment
Operating Phase Number Adjustment

Microprocessor VID Inputs
8-Bit DAC
Selectable between Intel VR11/10 and AMD
5/6-bit DAC Tables

 Over-current Protection

 Over-voltage Protection
Soft-Start
Selectable Operation Frequency from 100kHz to
1.5MHz per Phase
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General Description

Applications

Features

Note: uPI products are compatible with the current IPC/
JEDEC J-STD-020 and RoHS requirements. They are 100%
matte tin (Sn) plating and suitable for use in SnPb or Pb-
free soldering processes.

Desktop PC Core Power Supplies
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Ordering Information

Pin Configuration

The uP6208 12-phase PWM control IC provides a precision
voltage regulation system for advanced microprocessors.
It can work with Intel VR11/VR10 and AMD 5/6-bit VID table.
The controller also includes programmable no-load offset
and active voltage positioning functions to adjust the output
voltage as a function of the load current, so it is optimally
positioned for a load current transient. Continuous DCR
current sensing is used for load line programming and
channel current balance. The uP6208 also provides accurate
and reliable over current protection, over voltage protection
and a delayed power good output. The uP6208 includes an
I2C interface, allowing the controller to communicate with
other devices over an I2C bus. Signals sent over this bus
can command the uP6208 to adjust output voltage,
switching frequency and operating phase number in different
load current state.
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Typical Application Circuit
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Functional Pin Description
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Functional Pin Description
.oN emaN noitcnuFniP

51 4PSI

.4esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.stnerructuptuo4lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

61 5PSI

.5esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.stnerructuptuo5lennahcgnisnesyllaitnereffid
stnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab

.rotcudniehtgnidnuorrus

71 65NSI .6dna5esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI emasehtsinoitcnuF
.6dna5eraslennahcevitcepserehttpecxe21NSIsa

81 6PSI

.6esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo6lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

91 7PSI

.7esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo7lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

02 87NSI .8dna7esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI emasehtsinoitcnuF
.8dna7eraslennahcevitcepserehttpecxe21NSIsa

12 8PSI

8esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT.
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo8lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

22 9PSI

.9esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuo9lennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

32 A9NSI
.Adna9esahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI emasehtsinoitcnuF

lliwCCVotA9NSIgnitcennoc,sediseB.Adna9eraslennahcevitcepserehttpecxe21NSIsa
.noitarepoesahp-8rofrellortnocehtmargorp

42 APSI

.AesahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuoAlennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

52 BPSI

.BesahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuoBlennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht

62 CBNSI .CdnaBesahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevnI emasehtsinoitcnuF
.CdnaBeraslennahcevitcepserehttpecxe21NSIsa

72 CPSI

.CesahProfreifilpmAMGgnisneStnerruCehtfotupnIgnitrevni-noN rofdesusinipehT
tnerruclennahcrofdesusitnerrucdesnesehT.tnerructuptuoClennahcgnisnesyllaitnereffid

gnidnuorrusstnemeleesnesCRehtneewtebedonehtotnipsihttcennoC.noitcetorpdnagnicnalab
.rotcudnieht



uP6208

5

Conceptual

For Internal Discussion Only. uPI may make changes to specifications and product descriptions at any time, without notice.
uPI Semiconductor Corp., http://www.upi-semi.com
Rev. C00, File Name: uP6208-DS-C0000

Functional Pin Description
.oN emaN noitcnuFniP
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Functional Pin Description
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Functional Block Diagram
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Functional Description
The uP6208 is a 12/8-phase, multimode (voltage control,
current balance control, loadline control), fixed frequency
PWM synchronous buck power converters. The internal
VID DAC is designed for Intel VR11/VR10 and AMD 5/6-bit
interface.

Power Ready Detection

1.1V
EN

POR4.3V

0.85V

VCC5

VTT

Figure1. Circuit for Power Ready Detection

During start-up, the uP6208 will detect VCC5, VTT and EN.
When VCC5 > 4.3V, VTT > 0.85V and EN > 0.85V, POR
(Power On Reset) will go high. POR is the internal signal
to indicate all voltage powers are ready to let the uP6208
and the companioned MOSFET drivers to work properly.
When POR = Low, the uP6208 will try to turn off both high
side and low side MOSFETs.

Phase Detection
The number of operational phases is determined by the
internal circuitry that monitors the ISN9A voltages during
start up. Normally, the uP6208 operates as a 12-phase
PWM controller. Pull ISN9A to VCC5 programs 8-phase
operation. The uP6208 detects the voltage of ISN9A at POR
rising edge. At the rising edge, the uP6208 detects whether
the voltage of ISN9A is higher than VCC5 - 1V to decide how
many phases should be active. Phase detection is only
active during start up. When POR = High, the number of
operational phases is determined and latched.

Phase Switching Frequency
The phase switching frequency of the the uP6208 is set by
an external resistor connected between RT pin and GND.
The frequency follows the graph in Figure 2.

TBD

Figure2. RRT vs Phase Switching Frequency

VDAC Generator

The uP6208 builds a precise bandgap reference circuit
inside. The output voltage of bandgap reference is 2.1V
referred to FBRTN. In Figure 3, the uP6208 uses plural
resistors to generate precise reference voltages ranging
from 0.5V to 2.1V. All the voltages connect to a multiplexer
(MUX). According to the VID inputs and I2C command,
multiplexer outputs the selected voltage, VDAC. Please be
careful that all the voltage values in Figure 3 are referred to
FBRTN.

VBG

MUXFBRTN

2.1V

RN

0.5V

FBRTN

R1

R2

2.1V
VID[7:0]

VDAC

I2C
Interface

0.5V ~ 2.1V
Step = 6.25mV

Figure3. VDAC Generator Circuit

Soft Start
Output current of OPSS(ISS) is limited within +/- 32uA
(normal state) or +/- 320uA (VID OTF).

VDAC

FBRTN

CSS

SS

DACQ

SS
OP Amp

VCC5

GND

Figure 4. Circuit for Soft Start and Dynamic VID.

The VOUT start-up time is set by a capacitor from the SS
pin to FBRTN. In power_on_reset state (POR = Low), the
SS pin is held at GND. After power_on_reset state (POR =
High) and an extra delay 1600uS, VSS and VEAP begin to
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Functional Description
rise till VEAP = VBOOT. When VEAP = VBOOT, the uP6208 stays
in this state for 800uS waiting for valid VID code sent by
CPU. After receiving the valid VID code, VOUT continues
ramping up or down to the voltage specified by VID code.
The typical soft start waveform is shown in Figure 5.

VTT
0.85V

VCC5
4.3V

EN
1.1V

VDAC

T1 T2 T3 T4 T5

VSS
VDAQ

VR_RDY

VBOOT

Figure 5. Soft Start Waveforms.

VOUT will trace VEAP which is the non-inverting input of error
amplifier. T1 is the delay time from power_on_reset state
to the beginning of VOUT rising.

T1 ~= 1600us + 0.7V x CSS / 32uA (1)

T2 is the soft start time from VOUT = 0 to VOUT = VBOOT

T2 ~= VBOOT x CSS / 32uA (2)

T3 is the dwelling time for VOUT = VBOOT. T3 ~= 800us. T4 is
the soft start time from VOUT = VBOOT to VOUT = VVID.

T4 ~= |VVID - VBOOT| x CSS / 32uA (3)

T5 is the power good delay time, T5 ~= 1600us.

Dynamic VID
The uP6208 can accept VID input changing while the
controller is running. This allows the output voltage VOUT to
change while the DC/DC converter is running and supplying
current to the load. This is commonly referred to as VID
on-the-fly (OTF). A VID OTF may occur under either light
or heavy load conditions. This change can be positive or
negative. During VID OTF, VDAC is a staircase waveform. In
the uP6208, CSS is also used to filter the VDAC. By properly
selecting CSS, VID OTF performance can be improved.

Output Voltage Differential Sensing
The uP6208 uses differential sensing by a high gain low
offset error amplifier as shown in Figure 6. The CPU voltage
is sensed between the FB and FBRTN pins. A resistor RFB

connects FB pin and the positive remote sense pin of the
CPU VCCP. FBRTN pin connects to the negative remote
sense pin of CPU VCCN directly. The error amplifier compares
EAP (=  DACQ - ISENSE x RLL) with the VFB to regulate the
output voltage.

FB

RFB

VCCP

EAPRLL

DACQ

CFB R1 C1

C2

VCCN FBRTN

IOFSP

IOFSN

EA
COMP

ISENSE

Positive 
remote sense 

pin of CPU

Nagative 
remote sense
 pin of CPU

Figure 6. Circuit for VOUT Differential Sensing and No
Load Offset

No Load Offset
In Figure 6, IOFSN and IOFSP are used to generate no-load
offset. Either IOFSN or IOFSP is active during normal operation.
Connect a resistor ROFS between OFS pin and GND to
generate negative no-load offset voltage VOFSN.

VOFSN = IOFSN  x RFB = 1.2 x RFB / ROFS (4)

Connect a resistor ROFS between OFS pin to VCC5 to gener-
ate positive no-load offset voltage VOFSP.

VOFSP = IOFSP x RFB = 1.6 x RFB / ROFS (5)

Load Transient Boost
In steady state, the voltage at VOUT pin VVOUT is higher
than VTB by the voltage of ITB x RTB. While a load step
transient from light load to heavy load could cause VVOUT

temporarily lower than VTB. The uP6208 detects load
transient by comparing VVOUT and VTB. If VVOUT drops below
VTB. The quick response indicator TB_EN rises up. When
TB_EN = High, the uP6208 turns on all high side MOSFETs
and turn off all low side MOSFETs. The sensitivity of this
transient boost behavior can be adjusted by the values of
CTB and RTB. Smaller RTB will make transient boost behavior
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Functional Description
easier to be triggered while larger CFB will make transient
boost behavior sustain longer. Figure 7 is the circuit and
typical waveforms.

IOUT

100A

VVOUT

TB_EN

TB
100mV

COMP
TB_EN

TB

VOUT
VCCP

RTB

CTB
ITB

Figure 7. Load Transient Boost

Total Load Current Sensing
The uP6208 provides low input offset current sense amplifier
(CSA) to monitor the total load current flowing through
inductor as shown in Figure 8. Output current of CSA (ISUM)
is used for active voltage positioning (AVP), load current
monitoring and over current protection. In this inductor
current sensing topology, RSW and CSUM must be selected
according to the equation below:

L/DCR = k x RSW x CSUM / 12 (6)

Theoretically, k should be equal to 1 to sense the
instantaneous total load curret. But in real application
usually 1.2 ~ 1.8 is better for transient response.

ISUM = IL,TOTAL x DCR / RSUM (7)

In order to minimize to sensing error induced by PCB trace,
the PCB trace resistance between VCORE12 and inductor 1
should be as equal as possible to the PCB trace resistance
between VCORE12 and inductor 2. Besides, placement of
inductor 1 and inductor 2 should be as close as possible.
All other channels should follow these rules also.

RSWC

RSWB

RSW2

RSW1

1ohm

1ohm
VCOREBC

VCORE12

SW1

SW2

SWB

SWC

CSUMP

RSUM

CSUMN

ISUM

Figure 8. Total Load Current Sensing.

Loadline
ISENSE in Figure 6 is a mirror of ISUM in Figure 8. ISENSE flows
through RLL and makes VEAP equal to VDACQ - ISENSE x RLL. In
steady state, output voltage is equal to VEAP. Thus, the
output voltage decreasing linearly with IOUT is obtained. The
loadline is defined as

LL(loadline) = ΔVOUT / ΔIOUT = DCR x RLL / RCSN (8)

Channel Current Sensing

The uP6208 provides low input offset voltage control current
source (VCCS) to sense the individual inductor current as
shown in Figure 9. Output current of VCCS (ISENSE[N]) is
used for channel current balance. Unlike prior circuits
designed by many other manufacturers that use
instantaneous inductor current for both AVP and channel
current balance, the uP6208 can use different RC time
constant for channel current balance and AVP. Using
instantaneous current for AVP is necessary to get good
transient response while using instantaneous current for
channel current balance is not necessary and may
deteriorate transient response and loop stability. It is
recommended to select larger RC time constant for channel
current balance. That is

L/DCR = k xRS x CS , k = 2~10 (9)
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Functional Description

VCCS: Voltage Control 
Current Source

DCRL

RS CS

ISP

ISN
IOUT = 

VIN/750

VCCS

ISENSEN

Figure 9. Channel Current Sensing

Current Balance

In Figure 9, ISENSE[N] is the current signal which is
proportional to current flowing through channel N. Larger
ISENSE[N] will lower the positive input voltage of the
corresponding PWM comparator and decrease the PWM
duty of the corresponding channel as shown in Figure 10.
Eventually, current flowing through each channel will be
balanced.

PWM1

ISENSE1

RCB

COMP

TB_EN

PWMN

BUF

ISENSEC

RCB

TB_EN

BUF

Figure 10. Current Balance

Over Current Protection
The uP6208 provides both channel current OCP and total
current OCP as shown in Figure 11. RIMAX1 and RIMAX2 set
the OCP levels respectively. Once OCP is triggered, it will
be latched. Only re-start up can release the latch. uP6208
will turn off both high side MOSFET and low side MOSFET
of all channels. 20uS delay is used in channel current OCP
detection and 80uS delay is use in total current OCP
detection to prevent false trigger. It is recommended to
use total current OCP as an accurate steady state over
current protection while using channel current OCP as short
circuit protection.

RIMAX1
ISENSEN > 
0.6/RIMAX1

IMAX1 Y

RIMAX2 IMAX2

V(DACQ, EAP)/4k

1.2V

Total current OCP

Channel Current OCP OCP

CMP

Figure 11. Over Current Protection

Control Loop
A high gain and low input offset error amplifier (EA) is used
for the control loop. The positive input of EA is set via the
VID logic according to the voltages listed in VDAC table of
INTEL VR11/VR10 or AMD K8. This voltage is then shifted
by a voltage proportional to total load current for active
voltage positioning. The output of the EA is the COMP pin.
VCOMP is shifted by a voltage proportional to channel current.
Then the voltage is compared with internal ramp to generate
PWM signal. The negative input (FB) is tied to the positive
remote sense pin of CPU through a resistor RFB for sensing
and controlling the output voltage. The main loop
compensation is incorporated into the feedback network
between FB and COMP. A type-3 compensation network
like Figure 6 is recommended. The values of R, C in type-
3 compensation need complex calculation and fine tune.
We simplify the problem by providing a design tool to our
customers. Our design tool contains a spreadsheet which
can generate the R, C values according to customer’s
requirement. The design tool does not provide the optimal
R, C values but provides a proper starting R, C values for
fine tune.

Over Voltage Protection (OVP)
The over voltage protection monitors the output voltage via
the VOUT pin. Once VVOUT exceeds VEAP + 150mV, OVP
is triggered and latched. The uP6208 will try to turn on low
side MOSFET and turn off high side MOSFET to protect
CPU. A 20uS delay is used in OVP detection circuit to
prevent false trigger. Only re-start up can release OVP latch.

I2C Interface
The uP6208 includes an I2C interface. The main purpose of
the I2C interface is to adjust output voltage, switching
frequency and operating phase number of VR controller
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Functional Description
according to the total load current. We call it AUTOPHASE.
The target of AUTOPHASE is an optimal VR design for
both power conversion efficiency and CPU performance.
Operating parameters that can be adjusted through the I2C
are:

1. Define the 4 load current states (LCS0, LCS1, LCS2,
LCS3): V(IMON) is converted to an 8-bit digital value
and compared with 3 I2C programmable registers
(VM0[7:0], VM1[7:0], VM2[7:0]). LCS0, LCS1, LCS2
and LCS3 are defined as

LCS0: V(IMON) > V(VM0[7:0]), highest load current.
LCS1: V(VM0[7:0]) > V(IMON) > V(VM1[7:0])
LCS2: V(VM1[7:0]) > V(IMON) > V(VM2[7:0])
LCS3: V(VM2[7:0]) > V(IMON), lowest load current.

2. Voltage offset of the 4 load current states: 4 I2C pro-
grammable registers (VS0[7:0], VS1[7:0], VS2[7:0],
VS3[7:0]) define the voltage offset in LCS0, LCS1, LCS2
and LCS3 respectively.

3. Frequency adjust of the 4 load current states:
IICF0[1:0], IICF1[1:0], IICF2[1:0] and IICF3[1:0] define
the frequency offset in LCS0, LCS1, LCS2 and LCS3
respectively. F0 is the frequency set by resister be-
tween RT pin and GND.

IICFn[1:0] = [00] => 1.0*F0
IICFn[1:0] = [01] => 1.2*F0
IICFn[1:0] = [10] => 1.4*F0
IICFn[1:0] = [11] => 0.8*F0

4. Operating phase number of the 4 load current states:
IICP0[1:0], IICP1[1:0], IICP2[1:0] and IICP3[1:0] define
the operating phase number in LCS0, LCS1, LCS2 and
LCS3 respectively.

IICPn[1:0] = [00] => 12-phase
IICPn[1:0] = [01] => 6-phase
IICPn[1:0] = [10] => 2-phase
IICPn[1:0] = [11] => undefined

5. 8-bit A/D conversion result of V(IMON): The result is
stored in register IMONAD[7:0]

V(IMON)=IMON[7:0]*6.25mV
but IMONAD[7:0] = [11xxxxxx] means V(IMON) >
1.2V only.

6. Read VID input logic value through I2C interface: The
value is stored in register IICVID[7:0]

7. Read which VID table is used now through I2C inter-
face: The value is stored in register IICVR[1:0]
IICVR[1:0] = [00] => AMD 6-bit
IICVR[1:0] = [01] => AMD 5-bit
IICVR[1:0] = [10] => VR10

IICVR[1:0] = [11] => VR11
8. Read operating phase number through I2C interface:

The value is stored in register IICP12, IICP6 and IICP2.
Always, only one of them is H.

9. Enable/disable the AUTOPHASE function.
Data Validity
The data on the SDA line must be stable during the HIGH
period of the SCL, unless generating a START or STOP
condition. The HIGH or LOW state of the data line can
only change when the clock signal on the SCL line is LOW.
Refer to the figure below.

SDA

SCL

SDA stable 
Data Valid

Change of 
SDA allowed

START and STOP Conditions
A START (S) condition is a HIGH to LOW transition of SDA
while SCL is HIGH. The STOP (P) condition is a LOW to
HIGH transition of SDA while SCL is HIGH. A STOP
condition must be sent before each START condition.

SDA

SCL

START(S) STOP(P)

Acknowledge
Each address and data transmission uses 9 clock pulses.
The ninth pulse is the acknowledge bit (A). After the start
condition, the master sends 7 slave address bits and a R/
W bit during the next 8 clock pulses. During the ninth clock
pulse, the device that recognizes its own address pulls
SDA low to acknowledge. The acknowledge bit is also used
by both the master and the slave to acknowledge receipt of
register addresses and data.

ACK(A)

981

START(S)

SCL

SDA MSB LSB



uP6208

13

Conceptual

For Internal Discussion Only. uPI may make changes to specifications and product descriptions at any time, without notice.
uPI Semiconductor Corp., http://www.upi-semi.com
Rev. C00, File Name: uP6208-DS-C0000

Functional Description
Read and Write Protocol

Write to a Single Register

S W+rdda_evals SA rdda_ger SA atad_ger SA P

Read from a Single Register

S W+rdda_evals SA rdda_ger AN P
S = START, P = STOP, AS = ACK from slave, AM = ACK from master, NA = No ACK

Register Map

reg_addr = 01h

]0:7[0MV

epyT W/R

eulaVtluafeD h00

reg_addr = 02h

]0:7[1MV

epyT W/R

eulaVtluafeD h00

reg_addr = 03h

]0:7[2MV

epyT W/R

eulaVtluafeD h00

reg_addr = 04h

]0:7[0SV

epyT W/R

eulaVtluafeD h00

reg_addr = 05h

]0:7[1SV

epyT W/R

eulaVtluafeD h00
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Functional Description
reg_addr = 06h

]0:7[2SV

epyT W/R

eulaVtluafeD h00

reg_addr = 07h

]0:7[3SV

epyT W/R

eulaVtluafeD h00

reg_addr = 08h

]1[0FCII ]0[0FCII ]1[1FCII ]0[1FCII ]1[2FCII ]0[2FCII ]1[3FCII ]0[3FCII

epyT W/R W/R W/R W/R W/R W/R W/R W/R

eulaVtluafeD 0 0 0 0 0 0 0 0

reg_addr = 09h

]1[0PCII ]0[0PCII ]1[1PCII ]0[1PCII ]1[2PCII ]0[2PCII ]1[3PCII ]0[3PCII

epyT W/R W/R W/R W/R W/R W/R W/R W/R

eulaVtluafeD 0 0 0 0 0 0 0 0

reg_addr = 0Ah

]0:7[DANOMI

epyT R

eulaVtluafeD hxx

reg_addr = 0Bh

]0:7[DIVCII

epyT R

eulaVtluafeD hxx

reg_addr = 0Ch

]1[RVCII ]0[RVCII 21PCII 6PCII 2PCII x x x

epyT R R R R R x x x

eulaVtluafeD x x x x x x x x

reg_addr = 0Dh
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Functional Description

OTUA
ESAHP x x x x x x x

epyT W/R x x x x x x x

eulaVtluafeD 0 x x x x x x x

AUTOPHASE, 1: enable, 0: disable

reg_addr = 0Eh

]7[CSIM ]6[SIM ]5[CSIM ]4[CSIM x x x x

epyT W/R W/R W/R W/R x x x x

eulaVtluafeD 0 x 0 0 x x x x

MISC[7], 1: enable watch dog timer, 0: disable
MISC[6], set to 1 when watch dog time out, reset to 0 after reading.
MISC[5:4], watch dog time out selector, [11]: 3200mS, [10]: 1600mS, [01]: 800mS, [00]: 400mS.

reg_addr = 0Fh

]0:7[REV

epyT R

eulaVtluafeD h00

reg_addr = B2h

]0:7[DIPIHC

epyT R

eulaVtluafeD h10
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7tib 6tib 5tib 4tib 3tib 2tib 1tib 0tib )vm(tesffoV
0 0 0 0 0 0 0 0 00.0
0 0 0 0 0 0 0 1 52.6
0 0 0 0 0 0 1 0 05.21
0 0 0 0 0 0 1 1 57.81
0 0 0 0 0 1 0 0 00.52
0 0 0 0 0 1 0 1 52.13
0 0 0 0 0 1 1 0 05.73
0 0 0 0 0 1 1 1 57.34
0 0 0 0 1 0 0 0 00.05
0 0 0 0 1 0 0 1 52.65
0 0 0 0 1 0 1 0 05.26
0 0 0 0 1 0 1 1 57.86
0 0 0 0 1 1 0 0 00.57

0 0 0 0 1 1 0 1 52.18

0 0 0 0 1 1 1 0 05.78
0 0 0 0 1 1 1 1 57.39
0 0 0 1 0 0 0 0 00.001
0 0 0 1 0 0 0 1 52.601
0 0 0 1 0 0 1 0 05.211
0 0 0 1 0 0 1 1 57.811
0 0 0 1 0 1 0 0 00.521
0 0 0 1 0 1 0 1 52.131
0 0 0 1 0 1 1 0 05.731
0 0 0 1 0 1 1 1 57.341
0 0 0 1 1 0 0 0 00.051
0 0 0 1 1 0 0 1 52.651
0 0 0 1 1 0 1 0 05.261
0 0 0 1 1 0 1 1 57.861
0 0 0 1 1 1 0 0 00.571
0 0 0 1 1 1 0 1 52.181

0 0 0 1 1 1 1 0 05.781

0 0 0 1 1 1 1 1 57.391
0 0 1 0 0 0 0 0 00.002
0 0 1 0 0 0 0 1 52.602
0 0 1 0 0 0 1 0 05.212
0 0 1 0 0 0 1 1 57.812
0 0 1 0 0 1 0 0 00.522
0 0 1 0 0 1 0 1 52.132
0 0 1 0 0 1 1 0 05.732
0 0 1 0 0 1 1 1 57.342
0 0 1 0 1 0 0 0 00.052
0 0 1 0 1 0 0 1 52.652
0 0 1 0 1 0 1 0 05.262

Functional Description

7tib 6tib 5tib 4tib 3tib 2tib 1tib 0tib )vm(tesffoV
0 0 1 0 1 0 1 1 57.862
0 0 1 0 1 1 0 0 00.572
0 0 1 0 1 1 0 1 52.182
0 0 1 0 1 1 1 0 05.782
0 0 1 0 1 1 1 1 57.392
0 0 1 1 0 0 0 0 00.003
0 0 1 1 0 0 0 1 52.603
0 0 1 1 0 0 1 0 05.213
0 0 1 1 0 0 1 1 57.813
0 0 1 1 0 1 0 0 00.523
0 0 1 1 0 1 0 1 52.133
0 0 1 1 0 1 1 0 05.733
0 0 1 1 0 1 1 1 57.343

0 0 1 1 1 0 0 0 00.053

0 0 1 1 1 0 0 1 52.653
0 0 1 1 1 0 1 0 05.263
0 0 1 1 1 0 1 1 57.863
0 0 1 1 1 1 0 0 00.573
0 0 1 1 1 1 0 1 52.183
0 0 1 1 1 1 1 0 05.783
0 0 1 1 1 1 1 1 57.393
0 1 0 0 0 0 0 0 00.004
0 1 0 0 0 0 0 1 52.604
0 1 0 0 0 0 1 0 05.214
0 1 0 0 0 0 1 1 57.814
0 1 0 0 0 1 0 0 00.524
0 1 0 0 0 1 0 1 52.134
0 1 0 0 0 1 1 0 05.734
0 1 0 0 0 1 1 1 57.344
0 1 0 0 1 0 0 0 00.054

0 1 0 0 1 0 0 1 52.654

0 1 0 0 1 0 1 0 05.264
0 1 0 0 1 0 1 1 57.864
0 1 0 0 1 1 0 0 00.574
0 1 0 0 1 1 0 1 52.184
0 1 0 0 1 1 1 0 05.784
0 1 0 0 1 1 1 1 57.394
0 1 0 1 0 0 0 0 00.005
0 1 0 1 0 0 0 1 52.105
0 1 0 1 0 0 1 0 05.215
0 1 0 1 0 0 1 1 57.815
0 1 0 1 0 1 0 0 00.525
0 1 0 1 0 1 0 1 52.135

VSN[7:0]
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7tib 6tib 5tib 4tib 3tib 2tib 1tib 0tib )vm(tesffoV

1 0 0 0 0 0 0 1 52.6-
1 0 0 0 0 0 1 0 05.21-
1 0 0 0 0 0 1 1 57.81-
1 0 0 0 0 1 0 0 00.52-
1 0 0 0 0 1 0 1 52.13-
1 0 0 0 0 1 1 0 05.73-
1 0 0 0 0 1 1 1 57.34-

1 0 0 0 1 0 0 0 00.05-
1 0 0 0 1 0 0 1 52.65-
1 0 0 0 1 0 1 0 05.26-
1 0 0 0 1 0 1 1 57.86-
1 0 0 0 1 1 0 0 00.57-
1 0 0 0 1 1 0 1 52.18-
1 0 0 0 1 1 1 0 05.78-
1 0 0 0 1 1 1 1 57.39-
1 0 0 1 0 0 0 0 00.001-
1 0 0 1 0 0 0 1 52.601-
1 0 0 1 0 0 1 0 05.211-
1 0 0 1 0 0 1 1 57.811-
1 0 0 1 0 1 0 0 00.521-
1 0 0 1 0 1 0 1 52.131-
1 0 0 1 0 1 1 0 05.731-
1 0 0 1 0 1 1 1 57.341-
1 0 0 1 1 0 0 0 00.051-
1 0 0 1 1 0 0 1 52.651-
1 0 0 1 1 0 1 0 05.261-
1 0 0 1 1 0 1 1 57.861-
1 0 0 1 1 1 0 0 00.571-
1 0 0 1 1 1 0 1 52.181-
1 0 0 1 1 1 1 0 05.781-
1 0 0 1 1 1 1 1 57.391-
1 0 1 0 0 0 0 0 00.002-
1 0 1 0 0 0 0 1 52.602-
1 0 1 0 0 0 1 0 05.212-
1 0 1 0 0 0 1 1 57.812-
1 0 1 0 0 1 0 0 00.522-
1 0 1 0 0 1 0 1 52.132-
1 0 1 0 0 1 1 0 05.732-
1 0 1 0 0 1 1 1 57.342-
1 0 1 0 1 0 0 0 00.052-
1 0 1 0 1 0 0 1 52.652-
1 0 1 0 1 0 1 0 05.262-
1 0 1 0 1 0 1 1 57.862-

7tib 6tib 5tib 4tib 3tib 2tib 1tib 0tib )vm(tesffoV
0 1 0 1 0 1 1 0 05.735
0 1 0 1 0 1 1 1 57.345
0 1 0 1 1 0 0 0 00.055
0 1 0 1 1 0 0 1 52.655
0 1 0 1 1 0 1 0 05.265
0 1 0 1 1 0 1 1 57.865
0 1 0 1 1 1 0 0 00.575
0 1 0 1 1 1 0 1 52.185
0 1 0 1 1 1 1 0 05.785
0 1 0 1 1 1 1 1 57.395
0 1 1 0 0 0 0 0 00.006
0 1 1 0 0 0 0 1 52.606
0 1 1 0 0 0 1 0 05.216

0 1 1 0 0 0 1 1 57.816

0 1 1 0 0 1 0 0 00.526
0 1 1 0 0 1 0 1 52.136
0 1 1 0 0 1 1 0 05.736
0 1 1 0 0 1 1 1 57.346
0 1 1 0 1 0 0 0 00.056
0 1 1 0 1 0 0 1 52.656
0 1 1 0 1 0 1 0 05.266
0 1 1 0 1 0 1 1 57.866
0 1 1 0 1 1 0 0 00.576
0 1 1 0 1 1 0 1 52.186
0 1 1 0 1 1 1 0 05.786
0 1 1 0 1 1 1 1 57.396
0 1 1 1 0 0 0 0 00.007
0 1 1 1 0 0 0 1 52.607
0 1 1 1 0 0 1 0 05.217
0 1 1 1 0 0 1 1 57.817
0 1 1 1 0 1 0 0 00.527
0 1 1 1 0 1 0 1 52.137
0 1 1 1 0 1 1 0 05.737
0 1 1 1 0 1 1 1 57.347
0 1 1 1 1 0 0 0 00.057
0 1 1 1 1 0 0 1 52.657
0 1 1 1 1 0 1 0 05.267
0 1 1 1 1 0 1 1 57.867
0 1 1 1 1 1 0 0 00.577
0 1 1 1 1 1 0 1 52.187
0 1 1 1 1 1 1 0 05.787
0 1 1 1 1 1 1 1 57.397
1 0 0 0 0 0 0 0 00.0
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Functional Description
7tib 6tib 5tib 4tib 3tib 2tib 1tib 0tib )vm(tesffoV

1 0 1 0 1 1 0 0 00.572-
1 0 1 0 1 1 0 1 52.182-
1 0 1 0 1 1 1 0 05.782-
1 0 1 0 1 1 1 1 57.392-
1 0 1 1 0 0 0 0 00.003-
1 0 1 1 0 0 0 1 52.603-
1 0 1 1 0 0 1 0 05.213-
1 0 1 1 0 0 1 1 57.813-
1 0 1 1 0 1 0 0 00.523-
1 0 1 1 0 1 0 1 52.133-
1 0 1 1 0 1 1 0 05.733-
1 0 1 1 0 1 1 1 57.343-

1 0 1 1 1 0 0 0 00.053-

1 0 1 1 1 0 0 1 52.653-
1 0 1 1 1 0 1 0 05.263-
1 0 1 1 1 0 1 1 57.863-
1 0 1 1 1 1 0 0 00.573-
1 0 1 1 1 1 0 1 52.183-
1 0 1 1 1 1 1 0 05.783-
1 0 1 1 1 1 1 1 57.393-
1 1 0 0 0 0 0 0 00.004-
1 1 0 0 0 0 0 1 52.604-
1 1 0 0 0 0 1 0 05.214-
1 1 0 0 0 0 1 1 57.814-
1 1 0 0 0 1 0 0 00.524-
1 1 0 0 0 1 0 1 52.134-
1 1 0 0 0 1 1 0 05.734-
1 1 0 0 0 1 1 1 57.344-
1 1 0 0 1 0 0 0 00.054-

1 1 0 0 1 0 0 1 52.654-

1 1 0 0 1 0 1 0 05.264-
1 1 0 0 1 0 1 1 57.864-
1 1 0 0 1 1 0 0 00.574-
1 1 0 0 1 1 0 1 52.184-
1 1 0 0 1 1 1 0 05.784-
1 1 0 0 1 1 1 1 57.394-
1 1 0 1 0 0 0 0 00.005-
1 1 0 1 0 0 0 1 52.605-
1 1 0 1 0 0 1 0 05.215-
1 1 0 1 0 0 1 1 57.815-
1 1 0 1 0 1 0 0 00.525-
1 1 0 1 0 1 0 1 52.135-

7tib 6tib 5tib 4tib 3tib 2tib 1tib 0tib )vm(tesffoV
1 1 0 1 0 1 1 0 05.735-
1 1 0 1 0 1 1 1 57.345-
1 1 0 1 1 0 0 0 00.055-
1 1 0 1 1 0 0 1 52.655-
1 1 0 1 1 0 1 0 05.265-
1 1 0 1 1 0 1 1 57.865-
1 1 0 1 1 1 0 0 00.575-
1 1 0 1 1 1 0 1 52.185-
1 1 0 1 1 1 1 0 05.785-
1 1 0 1 1 1 1 1 57.395-
1 1 1 0 0 0 0 0 00.006-
1 1 1 0 0 0 0 1 52.606-
1 1 1 0 0 0 1 0 05.216-

1 1 1 0 0 0 1 1 57.816-

1 1 1 0 0 1 0 0 00.526-
1 1 1 0 0 1 0 1 52.136-
1 1 1 0 0 1 1 0 05.736-
1 1 1 0 0 1 1 1 57.346-
1 1 1 0 1 0 0 0 00.056-
1 1 1 0 1 0 0 1 52.656-
1 1 1 0 1 0 1 0 05.266-
1 1 1 0 1 0 1 1 57.866-
1 1 1 0 1 1 0 0 00.576-
1 1 1 0 1 1 0 1 52.186-
1 1 1 0 1 1 1 0 05.786-
1 1 1 0 1 1 1 1 57.396-
1 1 1 1 0 0 0 0 00.007-
1 1 1 1 0 0 0 1 52.607-
1 1 1 1 0 0 1 0 05.217-
1 1 1 1 0 0 1 1 57.817-

1 1 1 1 0 1 0 0 00.527-

1 1 1 1 0 1 0 1 52.137-
1 1 1 1 0 1 1 0 05.737-
1 1 1 1 0 1 1 1 57.347-
1 1 1 1 1 0 0 0 00.057-
1 1 1 1 1 0 0 1 52.657-
1 1 1 1 1 0 1 0 05.267-
1 1 1 1 1 0 1 1 57.867-
1 1 1 1 1 1 0 0 00.577-
1 1 1 1 1 1 0 1 52.187-
1 1 1 1 1 1 1 0 05.787-
1 1 1 1 1 1 1 1 57.397-
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnIylppuS

egatloVtupnIylppuS V 5CC 5.4 -- 5.5 V

V 5CC dlohserhTROP 1.4 3.4 5.4 V

V 5CC siseretsyHROP .gnillaFCCV5 -- 1.0 -- V

tnerruCylppuS I 5CC gnihctiwSoN -- 5 -- Am

reifilpmArorrE

egatloVtesffO V )AE(SO 1- -- 1 Vm

tnerruCsaiBtupnI I AE 01- -- 01 An

tcudorPhtdiwdnaBniaG WBG AE -- 01 -- zHM

ycaruccAegatloV

ycaruccAtuptuOCAD V BF

V6.1otV0.1 5.0- -- 5.0 %

V0.1otV8.0 8- -- 8 Vm

V8.0otV5.0 01- -- 01 Vm

tratStfoS

tnerruCtratStfoS I SS lamroN -- 23 -- Au

tupnITTV

woLtupnI V )TTV(LI -- 57.0 -- V

hgiHtupnI V )TTV(HI -- 58.0 -- V

Supply Input Voltage, 5VCC (Note 1) ---------------------------------------------------------------------------------------------  -0.3V to +6V
Other Pins -------------------------------------------------------------------------------------------------------------------------------------- -0.3V to +6V
Storage Temperature Range  ------------------------------------------------------------------------------------------------------------- -65OC to +150OC
Junction Temperature  ------------------------------------------------------------------------------------------------------------------------------------ 150OC
Lead Temperature (Soldering, 10 sec)  ------------------------------------------------------------------------------------------------------------ 260OC
ESD Rating (Note 2)

HBM (Human Body Mode)  --------------------------------------------------------------------------------------------------------------------- 2kV
MM (Machine Mode)  ----------------------------------------------------------------------------------------------------------------------------- 200V

Package Thermal Resistance (Note 3)
LQFP7x7 - 64L θJA ---------------------------------------------------------------------------------------------------------------------  43.6OC/W

Power Dissipation, PD @ TA = 25°C
LQFP7x7 - 64L θJA ---------------------------------------------------------------------------------------------------------------------------------  2.3W

Operating Junction Temperature Range (Note 4) ------------------------------------------------------------------------  -40°C to +125°C
Operating Ambient Temperature Range --------------------------------------------------------------------------------------  -40°C to +85°C
Supply Input Voltage, VCC5   ------------------------------------------------------------------------------------ 4.5V to 5.5V

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

Electrical Characteristics
(5VCC = 5V, TA = 25OC, unless otherwise specified)
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnITTV

tnerruCtupnI I TTV 3- -- 3 Au

tupnINE

woLtupnI V )NELI -- 1 -- V

hgiHtupnI V )NE(HI -- 1.1 -- V

tneruCtupnI I NE 1- -- 1 Au

tupnIDIV

woLtupnI V )DIV(LI V2.1=TTV 5.0 -- -- V

hgiHtupnI V )DIV(HI V2.1=TTV -- -- 7.0 V

tneruCtupnI I DIV 1- -- 1 Au

emiTyaleDFFODIV T FFODIV -- 02 -- su

rotallicsO

egnaRycneuqerF F WS 001 -- 0001 zHk

noitairaVycneuqerF R TR k62= Ω 072 003 033 zHk

ytuDxaM R TR k62= Ω -- 05 -- %

egatloVtuptuO V TR 1.1 2.1 3.1 V

reifilpmAesneStnerruC

egatloVtesffO V )ASC(SO ngiseDybdeetnarauG,daoLoN 1- -- 1 Vm

tnerruCsaiBtupnI 01- -- 01 An

tcudorPhtdiwdnaBniaG G )ASC(WB -- 01 -- zHM

)SCCV(ecruoStnerruClortnoCegatloVecnalaBtnerruC

egatloVtesffO V )SCCV(SO 2- -- 2 Vm

ecnatcudnocsnarT MG SCCV -- 33.1 -- k/1 Ω

tcudorPhtdiwdnaBniaG G )SCCV(WB -- 01 -- zHM

tuptuOMWP

egatloVwoLtuptuO V )MWP(LO I KNIS Am4= -- -- 2.0 V

egatloVhgiHtuptuO V MWP(HO I ECRUOS Am4= 7.4 -- -- V

tupuODGRWP

egatloVwoLtuptuO V )DGRWP(LO I KNIS Am4= -- -- 2.0 V

gnirotinoMtnerruC

egatloVtuptuONOMI II -- -- 1.1 V

noitairaVegatloVNOMI daoLlluF 01- -- 01 %

Electrical Characteristics
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Note 1. Stresses listed as the above “Absolute Maximum Ratings” may cause permanent damage to the device.
These are for stress ratings. 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 remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution recommended.
Note 3. θJA is measured in the natural convection at TA = 25°C on a low effective thermal conductivity test board of

JEDEC 51-3 thermal measurement standard.
Note 4. The device is not guaranteed to function outside its operating conditions.

Electrical Characteristics
retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

noitcetorP

dlohserhTPVO V PVO V TUO V- PAE -- 051 -- Vm

ylaeDPVO T PVO -- 02 -- su

egatloVtuptuO1XAMI 1.1 -- 3.1 V

ylaDPCOtnerruClennahC T 1PCO -- 02 -- su

dlohserhTtupnIXAMI 1.1 -- 3.1 V

ylaeDPCOtnerruClatoT T 2PCO -- 02 -- su
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Typical Operation Characteristics

This page is intentionally left blank and will be update later.
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Application Information

This page is intentionally left blank and will be update later.
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Package Information

Note
1.Package Outline Unit Description:

BSC: Basic. Represents theoretical exact dimension or dimension target
MIN: Minimum dimension specified.
MAX: Maximum dimension specified.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
TYP. Typical. Provided as a general value. This value is not a device specification.

2.Dimensions in Millimeters.
3.Drawing not to scale.
4.These dimensions no not include mold flash or protrusions. Mold flash or protrusions shell not exceed 0.15mm.

1 16

48 33

64

49 32

17

7.00 BSC
9.00 BSC

0 .40 BSC 0.13 - 0.23

7.00 BSC
7.00 BSC

1.60 M
AX

0 .05 - 0.15

0.25 REF

1.00 BSC

0.45 BSC

0.13 - 0.23


