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		  1. general description the pip8000fhn is a power management bus (pmbus) protocol compliant, digital power supervisor ic, con?gurable through a host system to meet dynamic converter performance for a multitude of power supply applications. it is also able to manage power supply operating conditions as well as to monitor and report the status back to a host system using the pmbus protocol. the pmbus standard uses the widely accepted inter-integrated circuit (i 2 c) communication protocol for the hardware interface. a number of additional features are added to enhance the basic i 2 c communication protocol. these are described in the system management bus (smbus) protocol and include smalert. 2. features n pmbus serial interface: u query i/o voltage, i/o current, warnings, faults u query temperature for up to two temperature sensors u con?gure and measure rpm for up to two fans u sequence start-up and turn-off n con?gurable 7-channel a/d with calibration factors n i 2 c device-address pin stripping n compatible with most analog controllers n power-on reset n i 2 c-bus up to 400 khz n 2.4 v to 3.6 v v dd  operating range n 5 v tolerant i/o pins n thermal sense capabilities n 28 pin hvqfn package, 6 mm   6 mm 3. applications n pmbus compliant low voltage, high current density applications n dc power distributed systems n networking applications n servers and server accessories n telecommunication systems n industrial / ate power applications n storage systems pip8000fhn pmbus compliant digital power supervisor rev. 02  6 july 2009 preliminary data sheet

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 2 of 26 nxp semiconductors pip8000fhn digital power supervisor n ac/dc and dc-to-dc applications 4. ordering information 5. block diagram table 1. ordering information type number package name description version pip8000fhn/n1 hvqfn28 plastic thermal enhanced very thin quad ?at package; no leads; 28 terminals; body 6   6   0.85 mm sot788-1 fig 1. block diagram fan control 1 a/d v o fan control 2 a/d i out processor a/d temp 1 a/d user define a/d temp 2 write protect control a/d i in a/d v in pmbus command interpreter i 2 c port user i/o 014aaa585 fault (led capable) enable/disable pwm v set fan sensor 1 fan sensor 2 alert pip8000

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 3 of 26 nxp semiconductors pip8000fhn digital power supervisor 6. pinning information 6.1 pinning 6.2 pin description fig 2. pin con?guration 014aaa583 pip8000 fan_control2 write_protect pmbus_sda fan_control1 pmbus_alert v dd fault_led gpio v ss user_a_d reset temp1 pmbus_ctrl sample_iin pmbus_scl address0 address1 address2 enable rxd_alert txd sample_vout sample_out temp2 fan_speed2 fan_speed1 vout_trim sample_vin transparent top view 7 15 6 16 5 17 4 18 3 19 2 20 1 21 8 9 10 11 12 13 14 28 27 26 25 24 23 22 terminal 1 index area table 2. pin description symbol pin type description pmbus_ctrl 1 i an input line from the host controller used to control the device in conjunction with commands over pmbus. can be con?gured active high or low through the on_off_con?g command. reset 2 active low reset v ss 3 ground: 0 v reference. fault_led 4 o user con?gurable. used to enable/disable green/red led. pmbus_alert 5 o interrupt line to smbbus host controller write_protect 6 i when this pin is high or n.c., only the pmbus command write protect can be read. used to protect pol data settings. ground to write. pmbus_sda 7 i/o data and clock lines of the i 2 c/smbus v 1.1 standard pmbus_scl 8 i/o data and clock lines of the i 2 c/smbus v 1.1 standard address0 9 o i 2 c subaddress selection line 0 address1 10 o i 2 c subaddress selection line 1 address2 11 o i 2 c subaddress selection line 2

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 4 of 26 nxp semiconductors pip8000fhn digital power supervisor enable 12 o a default but con?gurable pin dedicated to controlling the on/off operation of the power train. may be set either high or low to enable. rxd_alert 13 o txd 14 o fan_control2 15 o user con?gurable active high/low fan 1 on off. fan_control1 16 o user con?gurable active high/low fan 2 on off. v dd 17 this is the power supply for normal operation as well as idle mode and power-down mode. gpio 18 i/o general purpose input/output user_a_d 19 i readable user a/d. coef?cients can be set for a particular calibration/scale factor con?guration. temp1 20 i common analog temperature sensors connection, the output of which is typically 25 mv /  c. coef?cients can be set for a particular calibration/scale factor con?guration. sample_iin 21 i current sense ampli?er connection. coef?cients can be set for a particular calibration/scale factor con?guration. sample_vin 22 i connection for either directly to v in  if less than v dd  or through a resistor divider if higher than v dd . coef?cients can be set for a particular calibration/scale factor con?guration. vout_trim 23 o this is a 20 khz pwm square wave with a duty cycle that is directly controlled by the pmbus v out command. this waveform is externally integrated to develop a dc level, buffered, and then driven through a series scaling resistor to become a current source into the analog controller voltage feedback pin, which then changes the output voltage of the power train. the scaling resistor can scale the duty cycle change at pin 23 so that the power train output voltage may be varied from v to mv. coef?cients can be set for a particular calibration/scale factor con?guration. fan_speed1, fan_speed2 24, 25 i read-only pins connected as a 16-bit counter and used to count fan rpm in certain applications. this requires fans with three-pin wiring. temp2 26 i see pin 20, temp1. sample_iout 27 i current sense amp connection. coef?cients can be set for a particular calibration/scale factor con?guration. sample_vout 28 i connected either directly to v o if less than v dd or through a resistor divider if higher than v dd . coef?cients can be set for a particular calibration/scale factor con?guration. table 2. pin description  continued symbol pin type description

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 5 of 26 nxp semiconductors pip8000fhn digital power supervisor 7. functional description 7.1 system interfaces there are several interfaces: ? pmbus - two lines consisting of a serial clock and serial data, conforming to smbus v. 2.0, including digital lines called control and one smalert. ? seven channels of 10-bit resolution a/d for measurement of temperatures and i/o volts and current with one channel user de?nable. ? two channels of low frequency 16-bit counters for fan speed measurement. ? pulse width modulation (pwm) output with 10 bits of duty cycle resolution for setting a dc level to adjust analog pwm controllers and hence the power supply output voltage. 7.2 operations pmbus de?nes that a compliant device must start and operate stably without pmbus communications. when a module implementing the pip8000fhn is powered up, the pip8000fhn goes through several levels of con?guration, ?nishing by loading the end user operating parameters from nvram, measuring input voltage, checking the power train for proper operating environment and, when con?gured, enables the output voltage. it may operate without any host interaction. if commanded, it can deliver status information. this will allow the host controller to collect data at the system designer's initiative, including long term data for system reliability purposes. finally, it will issue warnings if operating margins are exceeded or perform selected actions if actual operating fault limits are exceeded. 7.3 product functions ? pmbus compliant, support commands are listed in t ab le 10 ? con?gurable overvoltage/undervoltage, overcurrent, and temperature protection ? con?gurable response to fault events and warnings ? con?gurable sequencing ? wide range output voltage ? con?gurable output voltage ramping ? non-volatile memory for storing con?guration values, device speci?cations, etc. 7.4 host interface the pip8000fhn can run stand-alone or a host controller can be connected using the i 2 c interface. with a host controller the pip8000fhn can be controlled and monitored using the pmbus commands as listed in section 10 . 7.4.1 i 2 c slave address any device that exists on the system management bus (smb) as a slave has a unique address called the slave address. for reference, the following addresses are reserved and must not be used by or assigned to any smbus slave device.

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 6 of 26 nxp semiconductors pip8000fhn digital power supervisor the i 2 c slave address can be set using the manufacturer speci?c command i 2 c_address and pin stripping the i 2 c subaddress pins. when the i 2 c slave address is changed during operation the store_default_all or store_user_all command must be issued to save the i 2 c slave address in nvram and then a software reset needs to be issued to activate the new i 2 c address: i 2 c address = i2c_address + (pin strip bit[a2]bit[a1]bit[a0] < 1) if an invalid i2c_address is read from i 2 c during start-up the i 2 c address will be set to the smbus device default address. and the config_command bit[7] will be set. this bit indicates if the pmbus state machine will not start. this is done to prevent wrong coef?cients or other con?guration settings to be used in the pmbus state machine. the lsb of i2adr is the general call bit. when this bit is set, the general call address (00h) is recognized. 7.4.2 alert functionality the pip8000fhn supports the smbus smalert line. the alert protocol creates a method for an i 2 c slave device to signal the i 2 c host device. the host can identify the slave with the fault. alter signaling the host the pip8000fhn will change its slave address to 0x18h (ara). the host responds to the smalert signal by reading a byte from 0x18h. the slave will respond with its original slave address and return to that address. the smalert line can be used as a wired system or in a power supply system with multiple pip8000fhn supervisor chips. fault and warning noti?cation using smalert can be con?gured as described in section 7.7 . table 3. overview slave addresses slave address bits 7-1 r/w number bit bit 0 description 0000 000 0 general call address 0000 000 1 start byte 0000 001 x cbus address 0000 010 x address reserved for different bus format 0000 011 x reserved for future use 0000 1xx x reserved for future use 0101 000 x reserved for access.bus host 0110 111 x reserved for access.bus default address 1111 0xx x 10-bit slave addressing 1111 1xx x reserved for future use 0001 000 x smbus host 0001 100 x smbus alert response address 1100 001 x smbus device default address

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 7 of 26 nxp semiconductors pip8000fhn digital power supervisor 7.4.3 packet error check (pec) the pip8000fhn supports smbus pec protocol dynamically. if a write command is sent including a pec the pip8000fhn will use it to determine if the command was received correctly. if no pec is available it will check if the command is supported according to section 10.2  and processes it. if a read command is sent the pip8000fhn will append the pec byte when the host reads more bytes than the return data. 7.4.4 data formats the pip8000fhn supports linear mode and direct mode data formats. these modes can be switched real time. however, they are typically selected at the beginning of the application and stored in nvram. t ab le 4  shows which commands are affected by the mode setting. from the table it can be noted that three modes are supported: ? all data formats in direct mode. ? all data in linear mode not using vout_mode. ? all data in linear mode using vout_mode for the vout related commands. table 4. modes for data formats vout_mode config_command mode dont care bit[1] = 0 direct mode for all commands bits[7...5] not 000 bit[1] = 1 linear mode not using vout_mode 5-bit mantissa. commands in linear mode are: pmbus_vout_command pmbus_vout_max pmbus_vout_margin_high pmbus_vout_margin_low pmbus_read_vout pmbus_vout_trim pmbus_vout_cal_offset pmbus_vout_transition_rate pmbus_vout_scale_loop pmbus_vout_scale_monitor pmbus_vout_ov_fault_limit pmbus_vout_ov_warn_limit pmbus_vout_uv_warn_limit pmbus_vout_uv_fault_limit pmbus_read_iout pmbus_iout_cal_gain pmbus_iout_cal_gain pmbus_iout_cal_offset pmbus_iout_oc_fault_limit pmbus_iout_oc_lv_fault_limit pmbus_iout_oc_warn_limit pmbus_read_vin pmbus_vin_on

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 8 of 26 nxp semiconductors pip8000fhn digital power supervisor pmbus_vin_off pmbus_vin_ov_fault_limit pmbus_vin_ov_warn_limit pmbus_vin_uv_warn_limit pmbus_vin_uv_fault_limit pmbus_read_iin pmbus_iin_oc_fault_limit pmbus_iin_oc_warn_limit pmbus_read_temperature_1 pmbus_ot_fault_limit pmbus_ot_warn_ pmbus_read_temperature_ pmbus_read_user_ad linear bits[7..5] 000 bit[1] = 1 linear mode using vout_mode 5 bit mantissa. commands in linear mode for: pmbus_vout_command pmbus_vout_max pmbus_vout_margin_high pmbus_vout_margin_low pmbus_read_vout pmbus_read_vout pmbus_vout_trim pmbus_vout_cal_offset pmbus_vout_transition_rate pmbus_vout_scale_loop pmbus_vout_scale_monitor pmbus_vout_ov_fault_limit pmbus_vout_ov_warn_limit pmbus_vout_uv_warn_limit pmbus_vout_uv_fault_limit linear mode not using vout_mode 5 bit mantissa (normal linear_mode): pmbus_read_iout pmbus_iout_cal_gain pmbus_iout_cal_offset pmbus_iout_oc_fault_limit pmbus_iout_oc_lv_fault_limit pmbus_iout_oc_warn_limit pmbus_read_vin pmbus_vin_on pmbus_vin_off table 4. modes for data formats  continued vout_mode config_command mode

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 9 of 26 nxp semiconductors pip8000fhn digital power supervisor 7.4.5 coef?cients and query the coef?cients and query commands uses the block-write-block-read process call as described in the smbus speci?cation, version 2.0 . 7.5 power-up /power-down controlling the power train can be accomplished in the following three ways: ? v in  controls power-up and power-down based on the v in  value passing through required threshold, ? operation and on_off_config commands controls on/off switch of the power train. ? ctl-pin is the on/off switch. it can be con?gured to assert high or low. 7.6 operation and on_off_config pip8000fhn supports the following power-up/power-down process. see t ab le 5  and t ab le 6 . pmbus_vin_ov_fault_limit pmbus_vin_ov_warn_limit pmbus_vin_uv_warn_limit pmbus_vin_uv_fault_limit pmbus_read_iin pmbus_iin_oc_fault_limit pmbus_iin_oc_warn_limit pmbus_read_temperature_1 pmbus_ot_fault_limit pmbus_ot_warn_ pmbus_read_temperature_ pmbus_read_user_ad table 4. modes for data formats  continued vout_mode config_command mode fig 3. block-write-block-read example for coef?cients 1 a byte count = 2 8 coefficients command code 8 1 a 1 a w 1 slave address 7 s 1 ... 1 a 8 parameter code - low byte 8 1 a ... parameter code - high byte 1 a m: low byte 8 byte count = 5 8 1 a 1 a r 1 slave address 7 sr 1 ... m: high byte 7 a 1 1 a b: high byte 8 b: low byte 8 1 a na 1 r: one byte 8 a 1 8 pec 1 p 014aaa586

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 10 of 26 nxp semiconductors pip8000fhn digital power supervisor ? on_off_config = 0x00: power-up when v cc  is valid. uses operation for margin and normal power-down. ? on_off_config = 0x04: operation controls everything for normal power-up/power-down. ? on_off_config = [0x10, 0x11, 0x12, 0x13]: control pin initiates everything except operation-margin. 0x10, 0x11 are assert low and 0x12, 0x13 are assert high. margin-no-margin 0x(81,94, 98, a4, a8) always works, regardless of on_off_con?g setting. 7.7 alert_config the byte speci?es for which fault condition the smbus smalert protocol will be initiated. this setting in?uences only the smalert protocol and not the detection and handling of fault conditions by the pip8000fhn. when set to 0x00 smalert will not signal any condition. bit ?elds are: table 5. on_off_config on_off_config hex v in  > v in_on  = power-up; v in  pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 11 of 26 nxp semiconductors pip8000fhn digital power supervisor 8. limiting values [1] the following applies to t ab le 8 : a) stresses above those listed may cause permanent damage to the device. this is a stress rating only and functional operation of the device at these or any conditions other than those described in t ab le 9 , characteristics and t ab le 8 , limiting values of this speci?cation are not implied. b) this product includes circuitry speci?cally designed for the protection of its internal devices from the damaging effects of  excessive static charge. nonetheless, it is suggested that conventional precautions will be taken to avoid exceeding the rated maximum. c) parameters are valid over operating temperature range unless otherwise speci?ed. all voltages are with respect to v ss  unless otherwise noted. 9. characteristics table 8. limiting values in accordance with the absolute maximum rating system (iec 60134). [1] symbol parameter conditions min max unit t amb ambient temperature operating bias - 55 +125  c t stg storage temperature - 65 +150  c i oh high-level output current per i/o pin - 20 ma i ol low-level output current per i/o pin - 20 ma i i/o(tot)(max) maximum total i/o current maximum total i/o current - 100 ma p tot total power dissipation based on package heat transfer, not device power consumption - 1.5 w table 9. dc electrical characteristics v dd = 2.4 v to 3.6 v unless otherwise speci?ed. t amb = - 40  c to +85  c for industrial applications, unless otherwise speci?ed. symbol parameter conditions min typ [1] max unit i dd supply current v dd  = 3.6 v - 14 23 ma v dd  = 3.6 v, idle mode - 5 7 ma v dd  = 3.6 v, power-down mode -5580 m a i dd(tot) total supply current v dd  = 3.6 v, power-down mode [2] -15 m a (dv/dt) r rise rate of change of voltage of v dd - - 2 mv/ m s (dv/dt) f fall rate of change of voltage of v dd - - 50 mv/ m s v ddr data retention voltage 1.5 - - v v th(hl) high to low threshold voltage except scl, sda 0.22v dd 0.4v dd -v v il low-level input voltage scl, sda only - 0.5 - 0.3v dd v v th(lh) low to high threshold voltage except scl, sda - 0.6v dd 0.7v dd v v ih high-level input voltage scl, sda only 0.7v dd - 5.5 v v hys hysteresis voltage port 1 - 0.2v dd -v

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 12 of 26 nxp semiconductors pip8000fhn digital power supervisor [1] typical ratings are not guaranteed. the values listed are at room temperature, v dd  = 3 v. [2] the i dd(tpd)  speci?cation is measured using an external clock with the following functions disabled: comparators, real-time clock, brownout detect, and watchdog timer. [3] see section 8 for steady state (non-transient) limits on i ol or i oh .ifi ol /i oh exceeds the test condition, v ol /v oh may exceed the related speci?cation. [4] pin capacitance is characterized but not tested. [5] measured with port in quasi-bidirectional mode. [6] measured with port in high-impedance mode. [7] port pins source a transition current when used in quasi-bidirectional mode and externally driven from logic 1 to logic 0. thi s current is highest when v i  is approximately 2 v. [1] parameters are valid over operating temperature range unless otherwise speci?ed. v ol low-level output voltage i ol = 20 ma; v dd = 2.4 v - 3.6 v; all ports; all modes except hi-z [3] - 0.6 1.0 v i ol = 3.2 ma; v dd = 2.4 v - 3.6 v; all ports, all modes except hi-z [3] - 0.2 0.3 v v oh high-level output voltage i oh = - 20 m a; v dd = 2.4 v - 3.6 v; quasi-bidirectional mode; all ports v dd - 0.3 v dd - 0.2 - v i oh = - 3.2 ma; v dd = 2.4 v - 3.6 v; push-pull mode; all ports v dd - 0.7 v dd - 0.4 - v i oh = - 20 ma; v dd = 2.4 v - 3.6 v; push-pull mode; all ports v dd - 1.0 - - v c iss input capacitance [4] - - 15 pf i il low-level input current v i = 0.4 v [5] -- - 80 m a i li input leakage current v i =v il ,v ih , v th(hl) [6] --  10 m a i t(hl) high to low transition current v i = 1.5 v at v dd = 3.6 v [7] - 30 - - 450 m a table 9. dc electrical characteristics  continued v dd = 2.4 v to 3.6 v unless otherwise speci?ed. t amb = - 40  c to +85  c for industrial applications, unless otherwise speci?ed. symbol parameter conditions min typ [1] max unit table 10. ac electrical characteristics v dd  = 2.4 v to 3.6 v unless otherwise speci?ed. t amb  = - 40  c to +85  c for industrial applications, unless otherwise speci?ed [1] symbol parameter conditions variable clock unit min max f osc(int) internal oscillator frequency 7.189 7.557 mhz f osc(wd) watchdog oscillator frequency 320 520 khz

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 13 of 26 nxp semiconductors pip8000fhn digital power supervisor 10. pmbus 10.1 introduction the pip8000fhn supports the pmbus power system management protocol speci?cations, revision 1.1. in t ab le 11  below all supported commands are marked grey. t ab le 11  shows all supported commands including pip8000fhn manufacturer speci?c commands. the fan monitor counts the low to high transitions from the fan tachometer. there are two fan inputs. the fan tachometer must produce a voltage swing with a low below 0.75 v and a high above 2.5 v. the peak transition should be limited to 3.3 v to protect the pip8000fhn measurement inputs. 10.2 non-volatile memory the pip8000fhn has on board non-volatile memory to store: ? con?gurable settings like v o(max) , and v o . ? warning and fault thresholds for overvoltage, overcurrent, and overtemperature. ? calibration information like coef?cients. during start-up the restore_user_all command is called to store all user parameters into the running con?guration. when settings are changed store_user_all can be used to store the changed settings into the user nvram storage area. restore_default_all and store_default_all can be used to change parameters in the default storage area. the running con?guration needs to be used to swap between user and default storage area. 10.3 pmbus commands t ab le 11  contains a list of the pmbus commands. hex = pmbus command hex value, command name = pmbus command name, # = number of data bytes. r/w/c = read / write / command. some commands are r/w where they are only de?ned as read in the pmbus. the write is supported to enable factory programming. table 11. pmbus commands hex command name # smbus transaction type default value supported range comments on, off, and margin testing 00 page 1 r/w 01 operation [1] 1 r/w 0x80 02 on_off config [1] 1 r/w 0x18 03 clear_faults [1] 0c 04 phase 05 reserved 06 reserved

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 14 of 26 nxp semiconductors pip8000fhn digital power supervisor 07 reserved 08 reserved 09 reserved 0a reserved 0b reserved 0c reserved 0d reserved 0e reserved 0f reserved address and memory related commands 10 write_protect [1] 1 r/w 0x00 11 store_default_all [1] 0c 12 restore_default_all [1] 0c 13 store_default_code 1 w 14 restore_default_code 1 w 15 store_user_all [1] 0c 16 restore_user_all [1] 0c 17 store_user_code 1 w 18 restore_user_code 1 w 19 capability [1] 1r 1a query [1] 1r 1b reserved 1c reserved 1d reserved 1e reserved 1f reserved output voltage related commands 20 vout_mode [1] 1 r/w 0x40 21 vout_command [1] 2 r/w 0xd101 22 vout_trim 2 r/w 23 vout_cal 2 r/w 24 vout_max [1] 2 r/w 0x7303 25 vout_margin_high [1] 2 r/w 0x4502 26 vout_margin_low [1] 2 r/w 0x1701 27 vout_transition_rate 2 r/w 28 vout_droop 29 voltage_scale_loop 2 r/w 2a voltage_scale_monitor 2 r/w 2b reserved table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 15 of 26 nxp semiconductors pip8000fhn digital power supervisor 2c reserved 2d reserved 2e reserved 2f reserved other commands 30 coefficients [1] 5 r/w 31 pout_max 2 r/w 32 max_duty 2 r/w 33 frequency_switch 2 r/w 34 reserved 35 vin_on [1] 2 r/w 0x6e02 36 vin_off [1] 2 r/w 0x6803 37 interleave 38 iout_cal_gain 2 r/w 39 iout_cal_offset 2 r/w 3a fan_config_1_2 [1] 1 r/w 0xff 3b fan_command_1 [1] 2 r/w 0xffff x xxxxx10fan1isoffby setting p0.6 low xxxxxx11fan1isonby setting p0.6 high xxxxxx00fan1isoffby setting p0.6 high xxxxxx01fan1isonby setting p0.6 low 3c fan_command_2 [1] 2 r/w 0xffff x x x x x x 1 0 fan1 is off by setting p0.7 low xxxxxx11fan1isonby setting p0.7 high xxxxxx00fan1isoffby setting p0.7 high xxxxxx01fan1isonby setting p0.7 low 3d fan_config_3_4 1 r/w 3e fan_command_3 2 r/w 3f fan_command_4 2 r/w fault related commands 40 vout_ov_fault_limit [1] 2 r/w 0x2703 41 vout_ov_fault_response [1] 1 r/w 0xba 42 vout_ov_warn_limit [1] 2 r/w 0x8002 43 vout_uv_warn_limit [1] 2 r/w 0x3201 44 vout_uv_fault_limit [1] 2 r/w 0x8b00 45 vout_uv_fault_response [1] 1 r/w 0x00 46 iout_oc_fault_limit [1] 2 r/w 0x1805 table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 16 of 26 nxp semiconductors pip8000fhn digital power supervisor 47 iout_oc_fault_response [1] 1 r/w 0x00 48 iout_oc_lv_fault_limit 2 r/w 49 iout_oc_lv_fault_response 1 r/w 4a iout_oc_warn_limit [1] 2 r/w 0x9504 4b iout_uc_fault_limit 2 r/w 4c iout_uc_fault_response 1 r/w 4d reserved 4e reserved 4f ot_fault_limit [1] 2 r/w 0x0002 50 ot_fault_response [1] 1 r/w 0x00 51 ot_warn_limit [1] 2 r/w 0x0002 52 ut_warn_limit 2 r/w 53 ut_fault_limit 2 r/w 54 ut_fault_response 1 r/w 55 vin_ov_fault_limit [1] 2 r/w 0x6803 56 vin_ov_fault_response [1] 1 r/w 0x00 57 vin_ov_warn_limit [1] 2 r/w 0x2903 58 vin_uv_warn_limit [1] 2 r/w 0x02ac 59 vin_uv_fault_limit [1] 2 r/w 0x6e02 5a vin_uv_fault_response [1] 1 r/w 0x00 5b iin_oc_fault_limit [1] 2 r/w 0x8e02 5c iin_oc_fault_response [1] 1 r/w 0x00 5d iin_oc_warn_limit [1] 2 r/w 0xeb01 5e power_good_on 2 r/w 5f power_good_off 2 r/w output voltage sequencing commands 60 ton_delay [1] 2 r/w 0x0005 61 ton_rise [1] 2 r/w 0x0000 62 ton_max_fault_limit [1] 2 r/w 0x6400 63 ton_max_fault_response [1] 1 r/w 0x00 64 toff_delay [1] 2 r/w 0x0000 65 toff_fall [1] 2 r/w 0x0000 66 toff_max_warn_limit 2 r/w 67 reserved 68 pout_op_fault_limit 2 r/w 69 pout_op_fault_response 1 r/w 6a pout_op_warn_limit 2 r/w 6b pin_op_warn_limit 2 r/w 6c reserved table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 17 of 26 nxp semiconductors pip8000fhn digital power supervisor 6d reserved 6e reserved 6f reserved unit status commands 70 reserved 71 reserved 72 reserved 73 reserved 74 reserved 75 reserved 76 reserved 77 reserved 78 status_byte [1] 1 r 0x00 79 status_word [1] 2 r 0x0000 7a status_vout [1] 1 r 0x00 7b status_iout [1] 1 r 0x00 7c status_input [1] 1 r 0x00 7d status_temperature [1] 1 r 0x00 7e status_cml [1] 1 r 0x00 7f status_other [1] 1 r 0x00 80 status_mfr_specific [1] 1 r 0x00 81 status_fans_1_2 [1] 1 r 0x00 82 status_fans_3_4 1 r 83 reserved 84 reserved 85 reserved 86 reserved 87 reserved reading parametric information 88 read_vin [1] 2r 89 read_iin [1] 2r 8a read_vcap 8b read_vout [1] 2r 8c read_iout [1] 2r 8d read_temperature_1 [1] 2r 8e read_temperature_2 [1] 2r 8f read_temperature_3 90 read_fanspeed_1 [1] 2r 91 read_fanspeed_2 [1] 2r table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 18 of 26 nxp semiconductors pip8000fhn digital power supervisor 92 read_fanspeed_3 2 r 93 read_fanspeed_4 2 r 94 read_duty_cycle 2 r 95 read_frequency 2 r 96 read_pout 2 r 97 read_pin 2 r manufacturers information 98 pmbus revision [1] 1r inventory information 99 mfr_id [1] 2 r/w 0x0100 9a mfr_model [1] 2 r/w 0x0300 9b mfr_revision [1] 2 r/w 0x01ba 9c mfr_location [1] 2 r/w 0x565f 9d mfr_date [1] 4 r/w 0xff00 9e mfr_serial [1] 2 r/w 0xffff 9f reserved manufacturer ratings a0 mfr_vin_min [1] 2 r/w 0x02ff a1 mfr_vin_max [1] 2 r/w 0xff05 a2 mfr_iin_max [1] 2 r/w 0x44ff a3 mfr_pin_max [1] 2 r/w 0xffff a4 mfr_vout_min [1] 2 r/w 0x3000 a5 mfr_vout_max [1] 2 r/w 0x0066 a6 mfr_iout_max [1] 2 r/w 0xffff a7 mfr_pout_max [1] 2 r/w 0xffff a8 mfr_tambient_max [1] 2 r/w 0xffff a9 mfr_tambient_min [1] 2 r/w 0x10ff aa mfr_efficiency_ll ab mfr_efficiency_hl ac reserved ad reserved ae reserved af reserved user data and con?guration b0 user_data_00 [1] 2 r/w b1 user_data_01 b2 user_data_02 b3 user_data_03 b4 user_data_04 table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 19 of 26 nxp semiconductors pip8000fhn digital power supervisor b5 user_data_05 b6 user_data_06 b7 user_data_07 b8 user_data_08 b9 user_data_09 ba user_data_10 bb user_data_11 bc user_data_12 bd user_data_13 be user_data_14 bf user_data_15 c0 reserved c1 reserved c2 reserved c3 reserved c4 reserved c5 reserved c6 reserved c7 reserved c8 reserved c9 reserved ca reserved cb reserved cc reserved cd reserved ce reserved cf reserved manufacturer speci?c commands d0 fan_1_underspeed warn_limit [1] 2 r/w d1 fan_1_underspeed fault_limit [1] 2 r/w d2 fan_2_underspeed warn_limit [1] 2 r/w d3 fan_2_underspeed fault_limit [1] 2 r/w d4 mfr_specific_4 d5 mfr_specific_5 table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 20 of 26 nxp semiconductors pip8000fhn digital power supervisor d6 retry_time_ms [1] 1 r/w 0x0a this is the fault response retry v o high time. it is used in fault response mode to enable the v o to check if an error condition is resolved. retry_time_ms is speci?ed in units of 10 ms. default value is 0x0a, corresponding to a 100 ms delay. d7 read_user_ad [1] 2 r the pip8000fhn has a user de?ned analog / digital converter. the value of the ad can be read with this command. d8 time_up [1] 4 r 0x00 0x00 0x00 seconds 0-60 minutes 0-60 hours 0-43800 total power uptime of the device. byte 1 = seconds, byte 2 = minutes, byte 3 and 4 = hours d9 time_reset [1] 0 c resets time_up to zero da config_command [1] 1 0x00 0x00 to 0x03 bit[0] = 1; gpio output high bit[1] = 1; linear mode bit[7] = 1 pmbus state machine off. pmbus_read commands can be used to determine correct con?guration parameters before enabling the pmbus state machine. db mfr_specific_11 dc mfr_specific_12 dd alert_config [1] 1 r/w 0x00 0x00 - 0xff the byte speci?es for which fault condition the smbus smalert protocol will be initiated. de i2c_address [1] 1 r/w 0x26 0x01 - 0xff the byte speci?es the i 2 c address. if bit[0] is the general call bit. when set, the general call address (00h) is recognized. otherwise it is ignored. df version [1] 2 r 0x1222 pip version number x.x.x.x. a nibble for each position e0 reset [1] software reset e1 mfr_specific_17 e2 mfr_specific_18 e3 mfr_specific_19 e4 mfr_specific_20 e5 mfr_specific_21 e6 mfr_specific_22 table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 21 of 26 nxp semiconductors pip8000fhn digital power supervisor [1] supported command e7 mfr_specific_23 e8 mfr_specific_24 e9 mfr_specific_25 ea mfr_specific_26 eb mfr_specific_27 ec mfr_specific_28 ed mfr_specific_29 ee mfr_specific_30 ef mfr_specific_31 f0 mfr_specific_32 f1 mfr_specific_33 f2 mfr_specific_34 f3 mfr_specific_35 f4 mfr_specific_36 f5 mfr_specific_37 f6 mfr_specific_38 f7 mfr_specific_39 f8 mfr_specific_40 f9 mfr_specific_41 fa mfr_specific_42 fb mfr_specific_43 fc mfr_specific_44 fd mfr_specific_45 fe mfr_specific_command_ext ff pmbus_command_ext table 11. pmbus commands  continued hex command name # smbus transaction type default value supported range comments

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 22 of 26 nxp semiconductors pip8000fhn digital power supervisor 11. application information fig 4. application diagram pwm controller pip8000 v in v in  rnt i i  sense v in  sense v dd pmbus_scl write_protect subaddress (0, 1, 2) temp1, temp2 fan_control1 fan_control2 fan_speed1 fan_speed2 user_a_d gpio fault_led pmbus_sda pmbus_ctrl pmbus_alert v o  sense powertrain disable r sense r sense v o  rtn v o   014aaa584 (pip2  ) sample_vout i out  sense sample_iout v ss sample_iin sample_vin vout_trim txd

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 23 of 26 nxp semiconductors pip8000fhn digital power supervisor 12. package outline fig 5. package outline sot788-1 (hvqfn28) 0.65 1 a 1 e h bc unit y e  references outline version european projection issue date  iec  jedec  jeita mm 6.1 5.9 6.1 5.9 d h 4.25 3.95 y 1 4.25 3.95 e 1 3.9 e 2 3.9 0.35 0.25 0.05 0.00 0.2 0.05 0.1 dimensions (mm are the original dimensions)  sot788-1 mo-220 - - - - - - 0.75 0.50 l 0.1 v 0.05 w 0 2.5 5 mm scale sot788-1 hvqfn28: plastic thermal enhanced very thin quad flat package; no leads; 28 terminals; body 6 x 6 x 0.85 mm a (1) max. a a 1 c detail x y y 1 c e l e h d h e e 1 b 814 28 22 21 15 7 1 x d e c b a e 2 02-10-22 terminal 1 index area terminal 1 index area a c c b v m w m note 1. plastic or metal protrusions of 0.075 mm maximum per side are not included.  d (1) e (1)

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 24 of 26 nxp semiconductors pip8000fhn digital power supervisor 13. revision history table 12. revision history document id release date data sheet status change notice supersedes pip8000fhn_2 20090706 preliminary data sheet - pip8000fhn_1 modi?cations ? figure 2 pin con? gur ation  package outline updated. pip8000fhn_1 20090312 preliminary data sheet - -

 pip8000fhn_2 ? nxp b.v. 2009. all rights reserved. preliminary data sheet rev. 02  6 july 2009 25 of 26 nxp semiconductors pip8000fhn digital power supervisor 14. legal information 14.1 data sheet status [1] please consult the most recently issued document before initiating or completing a design. [2] the term short data sheet is explained in section de?nitions. [3] the product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple dev ices. the latest product status information is available on the internet at url http://www .nxp .com . 14.2 de?nitions draft  the document is a draft version only. the content is still under internal review and subject to formal approval, which may result in modi?cations or additions. nxp semiconductors does not give any representations or warranties as to the accuracy or completeness of information included herein and shall have no liability for the consequences of use of such information. short data sheet  a short data sheet is an extract from a full data sheet with the same product type number(s) and title. a short data sheet is intended for quick reference only and should not be relied upon to contain detailed and full information. for detailed and full information see the relevant full data sheet, which is available on request via the local nxp semiconductors sales of?ce. in case of any inconsistency or con?ict with the short data sheet, the full data sheet shall prevail. 14.3 disclaimers general  information in this document is believed to be accurate and reliable. however, nxp semiconductors does not give any representations or warranties, expressed or implied, as to the accuracy or completeness of such information and shall have no liability for the consequences of use of such information. right to make changes  nxp semiconductors reserves the right to make changes to information published in this document, including without limitation speci?cations and product descriptions, at any time and without notice. this document supersedes and replaces all information supplied prior to the publication hereof. suitability for use  nxp semiconductors products are not designed, authorized or warranted to be suitable for use in medical, military, aircraft, space or life support equipment, nor in applications where failure or malfunction of an nxp semiconductors product can reasonably be expected to result in personal injury, death or severe property or environmental damage. nxp semiconductors accepts no liability for inclusion and/or use of nxp semiconductors products in such equipment or applications and therefore such inclusion and/or use is at the customers own risk. applications  applications that are described herein for any of these products are for illustrative purposes only. nxp semiconductors makes no representation or warranty that such applications will be suitable for the speci?ed use without further testing or modi?cation. limiting values  stress above one or more limiting values (as de?ned in the absolute maximum ratings system of iec 60134) may cause permanent damage to the device. limiting values are stress ratings only and operation of the device at these or any other conditions above those given in the characteristics sections of this document is not implied. exposure to limiting values for extended periods may affect device reliability. terms and conditions of sale  nxp semiconductors products are sold subject to the general terms and conditions of commercial sale, as published at http://www .nxp .com/pro? le/ter ms , including those pertaining to warranty, intellectual property rights infringement and limitation of liability, unless explicitly otherwise agreed to in writing by nxp semiconductors. in case of any inconsistency or con?ict between information in this document and such terms and conditions, the latter will prevail. no offer to sell or license  nothing in this document may be interpreted or construed as an offer to sell products that is open for acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual property rights. export control  this document as well as the item(s) described herein may be subject to export control regulations. export might require a prior authorization from national authorities. 14.4 trademarks notice: all referenced brands, product names, service names and trademarks are the property of their respective owners. i 2 c-bus   logo is a trademark of nxp b.v. 15. contact information for more information, please visit: http://www .nxp.com for sales of?ce addresses, please send an email to: salesad dresses@nxp.com document status [1] [2] product status [3] de?nition objective [short] data sheet development this document contains data from the objective speci?cation for product development. preliminary [short] data sheet quali?cation this document contains data from the preliminary speci?cation. product [short] data sheet production this document contains the product speci?cation.
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