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PS700

Features

• Measures, maintains and reports all critical 

rechargeable battery parameters with high 

accuracy

• Supports Lithium (1-cell and 2-cell) battery packs

• Current measurement with 16-bit integrating A/D 

accurate to less than ±0.5% error

• Temperature measurement accurate to within 

±2°C absolute, using on-chip temperature sensor 

or external thermistor

• Accumulation of charge current, discharge 

current, temperature and voltage in independent 

32-bit registers

• 512-byte nonvolatile EEPROM stores factory 

programmed, measured and user-defined 

parameters 

• In-system offset calibration compensates for 

offset error in current measurement

• Industry standard SMBus/I2C™ compatible 2-wire 

communications interface

• 8-pin TSSOP package

• -20°C to +85°C operating temperature range

• NTC pin can be configured as a thermistor input 

or GPIO 

• VC2 pin can be configured as a cell input or a 

GPIO

• Flexible power operating modes allow low-power 

monitoring of battery conditions during system full 

operating and standby conditions:

- Run: Continuous Conversion; 80 µA typ.

- Sample: Sample interval from 

0.5-64s @ 45 µA typ.

- Sample-Sleep: Sample interval from 

0.5-138s min. @ 20 µA typ.

• Shelf-Sleep mode reduces power consumption 

during pack storage conditions to 300 nA typ., 

with automatic wake-up upon pack insertion

Pin Description

Pin Summary

Pin Name Description

VC2/IO1 Cell voltage input for cell 2 in a 

2-series Li Ion pack or general 

purpose I/O #1

VC1 Cell voltage input for cell 1

SCL SMBus clock line

SDA SMBus data l/O

ROSC Oscillator bias resistor

NTC/IO0 External thermistor connection or 

general purpose I/O #0

GND Power supply ground

SR Sense resistor input

ROSC
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1.0 PRODUCT OVERVIEW

The PS700 is a cost-effective, highly accurate IC that

measures, stores and reports all of the critical

parameters required for rechargeable battery monitor-

ing with a minimum of external components. It precisely

measures charge/discharge current as well as voltage

and temperature of a battery pack. In addition, the

PS700 accurately accumulates both charge and

discharge current as independent parameters.

Temperature history can also be maintained for

calculating self-discharge effects.

The PS700 integrates a highly accurate 16-bit integrat-

ing A/D converter that performs current measurement

to within ±0.5% error. On-chip counters precisely track

battery charge/discharge and temperature history. Also

included are an on-chip voltage regulation circuit, non-

crystal time base and on-chip temperature sensor. The

operating voltage range of the PS700 is optimized to

allow a direct interface to 1 or 2-series Li Ion/Li Poly

battery packs. 512 bytes of general purpose nonvolatile

EEPROM storage are provided to store factory

programmed, measured and user defined parameters.

Efficient communication is provided through an

industry standard SMBus/I2C™ compatible 2-wire

communications interface. This interface allows the

host to determine accurate battery status for effective

system power management and for communication to

the end user. A battery management solution utilizing

the PS700 delivers both space and total system

component cost savings for a wide variety of battery

operated applications.

FIGURE 1-1: PS700 INTERNAL BLOCK DIAGRAM
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FIGURE 1-2: APPLICATION SCHEMATIC – PS700-BASED BATTERY PACK

TABLE 1-1: PIN DESCRIPTIONS
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Pin No. Pin Name Description

1 VC2/IO1 Cell input connection for lowest cell in a 2-cell series Li Ion pack. Can also be 

configured as an open-drain general purpose input/output.

2 VC1 Cell input connection for highest cell in a 2-cell series Li Ion pack. Connects to the 

positive terminal of 1-cell series packs. VC1 serves as the power supply input for the 

PS700.

3 SCL SMBus/I2C clock line connection.

4 SDA SMBus/I2C data line connection.

5 ROSC External bias resistor.

6 NTC/IO0 Input for an external temperature sensor using a 103ETB-type thermistor. Can also 

be configured as a general purpose input/output pin.

7 GND Analog and digital ground.

8 SR Current measurement A/D input from positive side of the current sense resistor.
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2.0 ARCHITECTURAL OVERVIEW

The PS700 contains a complete analog “front-end” for

battery monitoring as well as digital logic for control, mea-

surement accumulation, timing and communications.

Major functions within the PS700 include:

• Voltage Regulator

• Precision Time Base

• Temperature Sensor

• 512-Byte EEPROM Memory

• 32-Byte RAM Memory

• Analog-to-Digital (A/D) Converter

• 32-bit Accumulators/Timers

• SMBus/I2C Communications Interface

Figure 1-1 is a block diagram of the internal circuitry of

the PS700. Figure 1-2 is a schematic diagram that

depicts the PS700 in a typical single cell Lithium Ion

application. The function of each of the blocks listed

above is summarized in the following sections.

2.1 Internal Voltage Regulator

The PS700 incorporates an internal voltage regulator

that supports 1 or 2-cell series lithium pack configura-

tions. The internal regulator draws power directly from

the VC1 input. No other external components are

required to regulate internal supply voltage.

2.2 Precision Time Base

The integrated precision time base is a highly accurate

RC oscillator that provides precise timing for the sigma-

delta A/D and for the on-chip elapsed time counters

without the need for an external crystal. This time base

is trimmed during manufacturing to a nominal

frequency of 131,072 Hz.

2.3 Temperature Sensor

An integrated temperature sensor is provided that can

eliminate the need for an external thermistor. As an

option, a connection is provided for an external

thermistor for applications where the battery pack is

physically located at a distance away from the PS700.

2.4 EEPROM Memory

512 bytes of EEPROM memory are incorporated for

storage of nonvolatile parameters, such as

PowerSmart® 3D cell models for use with host driver

firmware. An initialization block is reserved within the

EEPROM array for values that are loaded into PS700

registers following a power-on condition.

2.5 RAM Memory

32 bytes of general purpose RAM memory are

provided for storage of temporary parameters.

2.6 A/D Converter

The  PS700  incorporates  an integrating sigma-delta

A/D converter together with an analog mux that has

inputs for charge and discharge current, cell and pack

voltages, the on-chip temperature sensor and an off-

chip thermistor. The converter can be programmed to

perform a conversion with resolutions of 8 to 15 bits plus

sign while utilizing either a ±340 mV or a ±170 mV

reference.

2.7 32-Bit Accumulators/Timers

The PS700 incorporates four 32-bit accumulators and

four 32-bit elapsed time counters. The Discharge

Current Accumulator (DCA) and the Charge Current

Accumulator (CCA) are intended to record discharge

and charge capacity values. The Discharge Time

Counter (DTC) and the Charge Time Counter (CTC)

are intended to maintain the total discharge time and

charge time. Accumulated charge and discharge

values can be used to determine state of charge of the

battery as well as cycle count information. With

information provided by the elapsed time counters,

average charge and discharge currents over an

extended period of time can be calculated.

2.8 SMBus/I2C Communications 
Interface

The communications port for the PS700 is a 2-wire

industry standard SMBus/I2C interface. All commands,

status and data are read or written from the host

system via this interface.
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3.0 OPERATIONAL DESCRIPTION

3.1 A/D and Accumulator/Timer 
Operation

3.1.1 A/D CONVERSION CYCLE

When the A/D converter is enabled and active, it

repeatedly performs a cycle of 1 to 8 conversions as

programmed by the user through 8 A/D Control

registers. These registers determine the input source,

resolution, reference voltage source and sequence of

conversions during an A/D converter cycle. During the

cycle, the A/D logic accesses each register in

sequence and performs the conversion specified by the

bits within the register. This register contains an enable

bit, a resolution field, a select bit for a single-ended or

differential reference and a select field for the analog

input mux. The results from each conversion are stored

in one of eight corresponding16-bit result registers.

If the “enable” bit is set within a control register, a

conversion will be performed. If it is disabled, that

conversion will be skipped and the logic will move on to

the next register. In this manner, the user can specify a

sequence of conversions that will be performed during

each A/D cycle.

As stated above, the input source for each of the

registers is programmable. The 3-bit mux field within

each control register selects one of seven possible

input sources for the A/D conversion. The list of input

sources is as follows:

• Charge/Discharge Current (voltage from SR pin to 

GND)

• Internal Temperature Sensor

• External Thermistor (constant current source on 

NTC pin)

• Battery Pack Voltage

• VC1 Voltage

• VC2 Voltage

• A/D Offset (conversion performed with input 

shorted internally to determine offset error 

associated with the converter)

However, the accumulator/timer functions are “hard

wired” to specific A/D Result registers. For this reason,

the control/result registers are given names which

indicate their primary intended usage (see Table 3-1).

TABLE 3-1: A/D CONTROL/RESULT REGISTERS

The 3-bit “resolution” field in each A/D Control register

determines the resolution of the conversion, from a

minimum of 9 bits (8 bits plus sign bit) to a maximum of

16 bits (15 bits plus sign bit). The time required to

complete the conversion is a function of the number of

bits of resolution (n) selected. The conversion time can

be calculated as follows: 

TADC = 30.52 µs * 2n

where:

“n” is the number of bits of resolution selected

The “Ref” bit selects the magnitude of the reference

voltage. Either a ±340 mV or a ±170 mV reference is

available. The ±170 mV reference is typically used for

current readings and the ±340 mV reference for all

other measurements.

The value of the LSB can be expressed as a function of

the resolution selected as follows:

A/D LSB = 680/340 mV/2n

where:

“n” is the number of bits of resolution selected

The result value is given in sign/magnitude format (i.e.,

a sign bit with a 15-bit magnitude).

A/D Register # Control Register Result Register Intended Input Source

0 Ictrl Ires Battery Pack Current (via sense resistor)

1 ITctrl ITres Internal Temperature Sensor

2 ETctrl ETres External Temperature Sensor

3 VPctrl VPres Battery Pack Voltage (VC1 to GND)

4 VC1ctrl VC1res Battery Cell Voltage (VC1 to VC2)

5 VC2ctrl VC2res Battery Cell Voltage (VC2 to GND)

6 OFFSctrl OFFSres Internal A/D Offset Voltage (A/D input automatically 

internally shorted to GND)

7 AUXctrl AUXres Any

15 0

S Magnitude
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3.1.2 CURRENT MEASUREMENT

Charge and discharge currents are measured using a

5 to 600 mΩ sense resistor that is connected between

the SR and GND pins. The maximum input voltage at

SR is ±150 mV. The sense resistor should be properly

sized to accommodate the systems lowest and highest

expected charge and discharge currents including

suspend and/or standby currents.

In order to perform charge and discharge current

measurements, the Ictrl register must be programmed

with the SR pin as the analog input source. If charge

and discharge accumulation is desired, the Ictrl and

corresponding Ires registers should be used to select

current measurement since the DCA, DTC, CCA and

DCA registers are updated by the measurement results

from the Ires register.

Ictrl programming in a typical application is as follows.

TABLE 3-2: Ictrl PROGRAMMING

Using the maximum resolution of 16 bits, the voltage

value of the LSB is:

A/D LSB = 340 mV/216 = 5.19 µV

Using a sense resistor value of 20 mΩ, the value of the

LSB in units of current is:

5.19 µV/20 mΩ = 259 µA

3.1.3  VOLTAGE MEASUREMENTS

Analog mux inputs are provided to support measure-

ment of individual cell and battery pack voltages. A/D

control registers VPctrl, VC1ctrl and VC2ctrl are used

to specify the measurement to be made. In typical

applications, voltage measurement at the cell or pack

level is done using the +340 mV reference and a

resolution of 10 bits plus sign bit.

The value of the LSB in a pack voltage measurement

using a 340 mV reference voltage is given by the formula:

VPACK LSB = 10.2V/2n

Where “n” is the resolution selected. For typical

applications where n = 10:

VPACK LSB = 10.2V/210 = 10.2V/1024 = 9.96 mV

The value of the LSB in a cell voltage measurement

using a 340 mV reference voltage is given by the

formula:

VCELL LSB = 6.23V/2n

Where “n” is the resolution selected. For typical

applications where n = 10:

VCELL LSB = 6.23V/210 = 6.23V/1024 = 6.08 mV

The following table shows LSB values for 9-bit plus

sign resolution, so n = 9.

TABLE 3-3: LSB VALUES FOR 10-BIT 

RESOLUTION

VPctrl programming in a typical application is as

follows.

TABLE 3-4: VPctrl PROGRAMMING

The input source fields for the VPctrl, VC1ctrl and

VC2ctrl registers must be programmed to select pack

voltage (on VC1), VC1 cell voltage and VC2 cell

voltage in order for these registers to control their

intended measurements.

3.1.4 TEMPERATURE MEASUREMENTS

A/D input channels are provided for temperature mea-

surement using either the internal temperature sensor

or an external thermistor. 

3.1.4.1 Internal Temperature

The output of the internal temperature sensor is a volt-

age range with limits that correspond to operating

temperature limits as follows:

-20°C   → 239 mV

+70°C  → 312 mV

The output voltage of the internal sensor as a function

of temperature can be given as:

VIT (mV) = 239 + 0.82 * (T + 20)

Defined within the ITctrl registers are the settings for

the reference utilized and the resolution desired for

measurement of temperature using the internal tem-

perature sensor. Because of input voltage range

described above, the 340 mV reference should be

selected. Typically, 10-bit plus sign of resolution are

selected which results in the following temperature

resolution:

LSB (Voltage) = Full Scale Range/# of steps 

= 340 mV/210 = 332 µV/LSB

LSB (°C) = 332 µV/LSB * (1 / 820) °C/µV 

= 0.404°C/LSB

Bit(s) Name Value Function

7 En 1 Enables A/D conversion

6-4 Res 111 Selects 16-bit resolution

3 Ref 0 Selects ±170 mV reference

2-0 Sel 000 Selects VSR as converter input

Measurement VR Divider Bits LSB

VPACK 340 1/30 9 + sign 19.92

VCELL 340 1/18.33 9 + sign 12.17

Bit(s) Name Value Function

7 En 1 Enables A/D conversion

6-4 Res 001 Selects 10-bit resolution

3 Ref 1 Selects ±340 mV reference

2-0 Sel 011 Selects VSR as converter input
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3.1.4.2 External Temperature

For temperature measurement using an external sensor,

the NTC pin supplies a constant current source of

12.5 µA. For proper operation, an industry standard

10 kOhm at 25°C negative temperature coefficient

(NTC) device of the 103ETBtype, should be connected

between NTC and GND. The NTC reference output is

only enabled during an external temperature

measurement in order to minimize power consumption.

The output of the current source, connected to the

external thermistor, produces a voltage range with

limits that correspond to operating temperature limits,

as follows:

-20°C   → 263 mV

+70°C  → 317 mV

The output voltage of the external sensor as a function

of temperature can be given as:

VEX (mV) = 263 + 0.6 * (T + 20)

Defined within the ETctrl registers are the settings for the

reference utilized and the resolution desired for mea-

surement of temperature using the external temperature

sensor. Again, the 340 mV reference should be

selected. The following temperature results in a 10-bit

conversion:

LSB (Voltage) = Full Scale Range/# of steps 

= 340 mV/210 = 332 µV/LSB

LSB (°C) = 332 µV/LSB * (1/600)°C/µV 

= 0.553°C/LSB

3.1.5 OFFSET COMPENSATION

The host software can perform offset compensation by

using an offset measurement value read from the

PS700. When the offset calibration is enabled within

the OFFSctrl register, the converter inputs are

internally shorted together and an A/D conversion is

performed at the specified resolution. The offset value

is stored in the OFFSres register.

3.1.6 ACCUMULATION/TIMING

The PS700 incorporates four 32-bit accumulators and

four 32-bit elapsed time counters. The Discharge Current

Accumulator (DCA) and the Charge Current Accumula-

tor (CCA) are intended to record discharge and charge

capacity values. The Discharge Time Counter (DTC) and

the Charge Time Counter (CTC) are intended to maintain

the total discharge time and charge time. Accumulated

charge and discharge values can be used to determine

state of charge of the battery as well as cycle count infor-

mation. With information provided by the elapsed time

counters, average charge and discharge currents over

an extended period of time can be calculated.

Each of the four 32-bit accumulator registers is assigned

a fixed “source” A/D Result register. When the accumu-

lator is enabled, it is updated every 500 ms by adding the

contents of the assigned result register value to the

previous accumulator value. The accumulators are

listed in Table 3-5 with their assigned source registers.

TABLE 3-5: ACCUMULATOR REGISTERS

The resolution of the accumulated value is equal to the

resolution selected for the associated conversion, up to

a converter resolution of 15-bit plus sign. If a 15-bit plus

sign A/D value is being accumulated, then the

accumulator resolution in microvolt seconds is:

Accumulator LSB (µVs) = (Full Scale Range/# of steps)

* 0.5s = (340 mV/215) * 0.5s = 5.19 µVs

3.1.7 CHARGE/DISCHARGE 

ACCUMULATORS

The DCA register is intended to accumulate discharge

current and the CCA register is intended to accumulate

charge current. Both use the Ires register as its source.

For this reason, in most applications, current measure-

ment defined in the A/D Control registers should be

programmed to measure current by reading the voltage

across the Sense Resistor pin (SR). 

During charging, a negative voltage will exist across

the SR pin to ground. Following a conversion, a

positive voltage measurement results in the sign bit = 0

in the Ires register. When the sign bit = 0, the measured

result will be added to the CCA register contents and

the sum is returned to CCA.

In this way, the total charge current will be accumulated

in CCA.

Similarly, during discharge, a positive voltage will exist

between the SR pin and ground. In this case, the

conversion will result with sign bit = 1 in the Ires regis-

ter, indicating a negative value or discharge current

condition. Under this condition, the DCA register will be

updated with the discharge current measured during

that conversion.

The value stored in the DCA or CCA register can be

interpreted as illustrated in the following example.

Using a 16-bit signed conversion for current measure-

ment and a 20 mΩ sense resistor, the LSB can be

expressed in units of capacity in micro amp seconds as

follows:

Accumulator LSB (µAs) = Voltage LSB/RSENSE = 

(2.59 µVs)/20 mΩ = 130 µAs 

The “Accum” bit in the Accumctrl register must be

enabled for accumulation to occur in both the CCA and

DCA registers.

Abbr. Accumulator Name Source

DCA Discharge Current

Accumulator

Ires (Sign bit = 1)

CCA Charge Current

Accumulator

Ires (Sign bit = 0)

TA Temperature Accumulator ITres or ETres

VC2A VC2 Accumulator VC2res
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3.1.8 CHARGE/DISCHARGE TIME 

COUNTERS

The Charge Time Counter (CTC) will increment at the

rate of 2 counts every second as long as a negative

voltage is measured at the SR pin. The CTC can

thereby maintain a time count representing the total

time that charge current has flowed into the battery.

The Discharge Time Counter (DTC) will increment at

the rate of 2 counts every second as long as a positive

voltage is measured at the SR pin. The DTC can

thereby maintain a time count representing the total

time that discharge current has flowed from the battery.

3.1.9 GENERAL PURPOSE 

ACCUMULATORS

There are two general purpose accumulators, TA and

VC2A. For typical applications, these accumulators

have been assigned specific functions. The user can

redefine the use of these accumulators to fit the design

requirements.

TA can be used to accumulate results from the ITres or

ETres registers. Accumulation to TA must be enabled

in the Accumctrl register bit “AccT”. The selection for

accumulation of the values represented by the internal

or external thermistor is also determined in the

Accumctrl register bit “tsel”. 

VC2A can be used to accumulate results from VC2res.

Accumulation in VC2A must be enabled in the

Accumctrl register bit “AccV”. The value stored in

VC2res corresponds to the measurement as defined in

the A/D Control register VC2ctrl. This function is

utilized if the VC2 pin is configured as an independent

A/D input and not connected to the cell stack.

The “Accum” bit in the Accumctrl register must be

enabled for accumulation to occur in TA and VC2A.

3.1.10 GENERAL PURPOSE TIMERS

There are two general purpose timers that are enabled

by accumulation in the TA and VC2A accumulators.

TAT is used to maintain a time count during accumula-

tion in the TA register. This timer increments at a

frequency of 2 counts every second.

VC2T is used to maintain a time count during

accumulation in the VC2A register. This timer

increments at a frequency of 2 counts every second.

3.2 Power Modes

The PS700 has four operational power modes: Run,

Sample, Sample-Sleep and Shelf-Sleep. Each con-

sumes power according to the configuration settings as

described in the following sections.

3.2.1 RUN MODE

During Run mode, the PS700 performs continuous A/D

conversion cycles per the programming of the A/D

conversion cycle documented in Section 3.1.1 “A/D

Conversion Cycle”. As described above, during each

cycle, between 1 and 8 conversions are performed and

the accumulators/time counters are updated as

programmed by the user. 

Run mode is entered following a Power-on Reset when

the pack voltage (VPACK) applied on the VC1 pin rises

above the VPOR threshold. Run mode can also

be entered from the Sample, Sample-Sleep and

Shelf-Sleep modes as described below.

The PS700 will remain in Run mode as long as the pack

voltage is above the VPOR threshold and the Sample,

Sample-Sleep and Shelf-Sleep modes are not active.

3.2.2 SAMPLE MODE

In Sample mode, A/D measurements are not continu-

ously performed as in Run mode. Instead, they are

performed at a user selectable rate. The purpose of

Sample mode is to reduce power consumption during

periods of low rate charge or discharge. The power

advantage of Sample mode comes from the reduction

in frequency of A/D measurements.

Sample mode is entered by programming the “Samp”

bit = 1 in the A/D Configuration register. The PS700 will

remain in Sample mode as long as “Samp” bit = 1 and

the VC1 voltage is above the VPOR threshold and the

Sample-Sleep and Shelf-Sleep modes are not active.

Run mode will be resumed when the Samp bit is

cleared to ‘0’.

The Sample mode rate is selected using the “SampDiv”

bits within the A/D Configuration register. The sample

interval is 2**(SampDiv) * 0.5 sec. The possible sample

rate intervals are as follows.

TABLE 3-6: SAMPLE RATE INTERVALS

In Sample mode, much of the analog circuitry remains

on. Therefore, the power savings are not as great as in

Sample-Sleep mode (described below). Refer to

Section 6.0 “Electrical Characteristics” for a specifi-

cation of the amount of current consumed in Sample

mode.

“SampDiv” Sample Interval

Value = 0 0.5s

Value = 1 1.0s

Value = 2 2.0s

Value = 3 4.0s

Value = 4 8.0s

Value = 5 16.0s

Value = 6 32.0s

Value = 7 64.0s
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3.2.3 SAMPLE-SLEEP MODE

In Sample-Sleep mode, the PS700 goes into the Sleep

state and wakes up at user-programmed intervals to

perform a set of conversions as programmed for the

A/D cycle. The purpose of Sample-Sleep is to achieve

the minimum power consumption possible while

periodically measuring specified parameters.

While the PS700 is in the Sleep portion of Sample-

Sleep interval, all of the analog circuitry is shut off. The

Sleep interval time is driven by an independent low-

power on-chip RC oscillator that is separate from the

primary oscillator. The Sleep oscillator consumes much

less power than the primary oscillator, but is less

accurate. While in Sample-Sleep mode, the device

consumes average current in the range of 20 µA.

During the active portion of Sample-Sleep mode, a

single set of conversions is performed and a Run mode

current in the range of 85 µA will be consumed for the

duration of the measurements.

Sample-Sleep mode is invoked by one of the following

actions:

1. Cell voltage on VC1 or VC2 drops below the trip

point programmed in the VCtrip register with the

corresponding “VC1ent” or “VC2ent” bit set in

the TRIPctrl register. This action can be used to

prevent excessive battery discharge in the event

of a dangerously low cell voltage. Be aware that

Sample-Sleep will not be entered if the “lex” bit

is set, enabling wake-up based on charge

current and the measured current is above the

threshold set in the I+trip register.

2. Setting the SSLP bit in the OpMode register.

The host can take this action when the system is

entering a low-power standby condition and it is

desired to periodically measure and accumulate

current, voltage, or temperature.

3. Current less than the I-trip register value when

“Ient” bit is set in the TRIPctrl register.

The Sample-Sleep interval is determined by the

programming of the “Sampdiv” bits within the A/D Con-

figuration register, together with the “SSLPdiv” bits

within the OpMode register. The sample interval is

2**(Sampdiv) * 2**(SSLPdiv) * 0.5 sec. The possible

Sample-Sleep interval time, therefore, ranges from a

minimum of 0.5 sec to over 136 minutes.

Exit from Sample-Sleep mode to Run mode can be

accomplished by clearing the “SSLP” bit or by program-

ming a wake-up based on pack voltage or current.

Wake-up based on charge current will occur when the

“Iex” bit is set in the TRIPctrl register and the charging

current value is above the threshold programmed in the

I+trip register. Wake-up based on pack voltage will

occur when the “VPex” bit is set in the TRIPctrl register

and the pack voltage rises above the threshold

programmed in the SStrip register.

3.2.4 SHELF-SLEEP MODE

Shelf-Sleep mode is the lowest power mode and is

intended to preserve battery capacity when the battery

pack is shipped or stored or if the battery voltage drops

below a specified threshold. While in Shelf-Sleep

mode, no measurements occur, no accumulation is

performed and no SMBus communications are

recognized. In addition, volatile memory is not

maintained. 

Entry to Shelf-Sleep mode is enabled by programming

the “SHent” bit = 1 or if VPACK is less than VPtrip. The

Shelf-Sleep mode will then be entered when the

SMBus pins (both SDA and SCL) drop from a high to a

low level for a minimum time period specified by tSHELF.

This action will also occur if the battery pack is

physically disconnected from the system.

Exit from the Shelf-Sleep mode back to Run mode will

occur when the SMBus pins (both SDA and SCL) are

both pulled from a low to high condition and remain

high for a minimum time of tWAKE, signifying system

activity or the connection of the pack to the host.

3.3 General Purpose Input/Outputs

The NTC and VC2 pins have alternate functions of

general purpose I/O; IO0 and IO1, respectively. These

pins can be configured as digital general purpose

inputs/outputs if their normal application functions of

temperature and cell monitoring are not needed. Their

configuration is controlled in the GPIOctrl register.

The IO0 (NTC) pin may be configured as a push-pull

output, an open-drain driver with internal pull-up, or as

a tri-stated pin. When configured as a push-pull or

open-drain output, the output high voltage is the 3.0V

internally regulated supply. When the output function is

disabled, an external circuit may drive the pin as an

input with a voltage range of 0-3.0V. The input function

may be used whether or not the pin is driven by the

PS700. In addition, the input function may be disabled,

in which case the input buffer is powered down,

preventing current drain if the NTC pin rests at an

intermediate level.

The IO1 (VC2) pin is similar to that of NTC except it is

an open-drain output only. IO1 has no explicit output

enable control; therefore, if the output is set to a logic

‘1’, the internal pull-down is turned off which tri-states

the pin. The input function is the same as IO0.

Note: If the IO0 and/or IO1 pins are being used

for their analog functions, their respective

GPIO output and input functions must be

disabled. The GPIO function may be

totally disabled by clearing the appropriate

GPIOctrl bit.
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3.4 SMBus/I2C Interface

The PS700 supports a 2-wire bidirectional bus and

data transmission protocol that is fully compatible with

the industry standard SMBus V1.1 based on the I2C

interface. This interface is used to read and write data

from/to the on-chip registers and EEPROM. The device

responds to the same SMBus slave address for access

to all functions. The following is a brief overview of the

SMBus/I2C operational implementation in the PS700.

Please refer to the SMBus v1.1 specification for

complete operational details of this industry standard

interface. This specification can be obtained at the

SMBus Implementer’s Forum web site at

www.smbus.org. 

3.4.1 SMBus OVERVIEW

SMBus is a two-wire multi-master bus, meaning that

more than one device capable of controlling the bus

can be connected to it. A master device initiates a bus

transfer and provides the clock signals. A slave device

can receive data provided by the master or can in

return provide data to the master.

Since more than one device may attempt to take

control of the bus as a master, SMBus provides an

arbitration mechanism based on I2C and relying on the

wired-AND connection of all SMBus devices residing

on the bus. If two or more masters try to place informa-

tion on the bus, the first to produce a “one” when the

other(s) produce a “zero” loses arbitration and has to

release the bus.

The clock signals during arbitration are a wired-AND

combination of all the clocks provided by SMBus

masters. Bus clock signals from a master can only be

altered by clock stretching or by other masters and only

during a bus arbitration situation. In addition to bus

arbitration, SMBus implements the I2C method of clock

low extending in order to accommodate devices of

different speeds on the same bus.

SMBus version 1.1 can be implemented at any voltage

between 3 and 5 Volts ±10%. Devices can be powered

by the bus VDD or by their own power source (such as

Smart Batteries) and they will interoperate flawlessly as

long as they adhere to the SMBus electrical

specifications.

3.4.2 SMBus DATA TRANSFERS

A device that sends data onto the SMBus is defined as

a transmitter and a device receiving data as a receiver.

The device that controls the message is called a

“master”. The devices that are controlled by the master

are “slaves”. The SMBus must be controlled by a

master device that generates the serial clock (SCL),

controls the bus access and generates Start and Stop

conditions. The PS700 operates as a slave on the two-

wire bus. Connections to the bus are made via the

open-drain I/O lines SDA and SCL.

SMBus operates according to the following bus

protocol:

• Data transfer may be initiated only when the bus 

is not busy.

• During data transfer, the data line must remain 

stable whenever the clock line is high. Changes in 

the data line while the clock line is high will be 

interpreted as control signals.

The SMBus specification defines the following bus

conditions:

Bus Not Busy: Both data and clock lines remain high.

Start Data Transfer: A change in the state of the data

line from high to low, while the clock is high, defines a

Start condition.

Stop Data Transfer: A change in the state of the data

line from low to high, while the clock line is high, defines

the Stop condition.

Data Valid: The state of the data line represents valid

data when, after a Start condition, the data line is stable

for the duration of the high period of the clock signal.

The data on the line must be changed during the low

period of the clock signal. There is one clock pulse per

bit of data. Each data transfer is initiated with a Start

condition and terminated with a Stop condition. The

number of data bytes transferred between Start and

Stop conditions is not limited and is determined by the

master device. The information is transferred byte-wise

and each receiver Acknowledges with a ninth bit. 

Acknowledge: Each receiving device, when

addressed, is obliged to generate an Acknowledge bit

after the reception of each byte. The master device

must generate an extra clock pulse which is associated

with this Acknowledge bit.

A device that Acknowledges must pull down the SDA

line during the Acknowledge clock pulse in such a way

that the SDA line is stable low during the high period of

the Acknowledge related clock pulse. Of course, setup

and hold times must be taken into account. A master

must signal an end of data to the slave by not generat-

ing an Acknowledge bit on the last byte that has been

clocked out of the slave. In this case, the slave must

leave the data line high to enable the master to

generate the Stop condition.
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FIGURE 3-1: SMBus DATA TRANSFER

Figure 3-1 details how data transfer is accomplished on

the SMBus. Depending upon the state of the R/W bit,

two types of data transfer are possible:

1. Data transfer from a master transmitter to a

slave receiver: The first byte transmitted by the

master is the slave address. Next follows a

number of data bytes. The slave returns an

Acknowledge bit after each received byte.

2. Data transfer from a slave transmitter to a

master receiver: The first byte (slave address)

is transmitted by the master. The slave then

returns an Acknowledge bit. Next follows a

number of data bytes transmitted by the slave to

the master. The master returns an Acknowledge

bit after all received bytes other than the last

byte. At the end of the last received byte, a ‘Not

Acknowledge’ is returned.

The master device generates all of the serial clock

pulses and the Start and Stop conditions. A transfer is

ended with a Stop condition or with a Repeated Start

condition. Since a Repeated Start condition is also the

beginning of the next serial transfer, the bus will not be

released.

The PS700 may operate in the following two modes:

1. Slave Receiver mode: Serial data and clock

are received through SDA and SCL. After each

byte is received, an Acknowledge bit is transmit-

ted. Start and Stop conditions are recognized as

the beginning and end of a serial transfer.

Address recognition is performed by hardware

after reception of the slave address and

direction bit.

2. Slave Transmitter mode: The first byte is

received and handled as in the Slave Receiver

mode. However, in this mode, the direction bit

will indicate that the transfer direction is

reversed. Serial data is transmitted on SDA by

the PS700 while the serial clock is input on SCL.

Start and Stop conditions are recognized as the

beginning and end of a serial transfer.
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FIGURE 3-2: PS700 SMBus WRITE TRANSACTION

SMBus Address 0

7 1 0

S BT AH A

7 1 0

X

6 4

Bank

3 2

Address Low

7 0

# of Bytes (only if BT = 1)

7 0

AA

A

Master controls SDA

PS700 controls SDA

Legend:

S - Start

P - Stop

RS - Repeated Start

A - Acknowledge

A - Negative Acknowledge (terminates transaction)

BT - Block mode indicator bit

Bank - Controls selection of bank:

00:  EEPROM

01:  RAM/Registers

10:  Reserved

11:  Reserved

AH - High-order address bits (2)

Address low - Low-order address bits (8)

(Additional data bytes if BT = 1) Last Write Data Byte

7 0

A P
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FIGURE 3-3: PS700 SMBus READ TRANSACTION

SMBus Address 0

7 1 0

S BT AH A

7 1 0

X

6 4

Bank

3 2

Address Low

7 0

# of Bytes (only if BT = 1)

7 0

SMBus Address 1

7 1 0

RS

AA

A

A

Last Read Data Byte

7 0

A/A

Master controls SDA

PS700 controls SDA

Legend:

S - Start

P - Stop

RS - Repeated Start

A - Acknowledge

A - Negative Acknowledge (terminates transaction)

BT - Block mode indicator bit

Bank - Controls selection of bank:

  00:  EEPROM

  01:  RAM/Registers

  10:  Test Mode Registers

  11:  Reserved

AH - High-order address bits (2)

Address Low - Low-order address bits (8)

(Additional data bytes if BT = 1) P
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4.0 MEMORY/OPERATIONAL 
REGISTER DESCRIPTION

4.1 Memory/Register Map

The PS700 internal structure is accessible on a strict

memory mapped basis. The only action directly taken

by the PS700 in response to an SMBus command is to

read or write registers, RAM or EEPROM. Any actions

taken by PS700 happen as a result of values written to

internal control registers.

Addressing in PS700 consists of 10 bits plus two bank

select bits. Therefore, there are a total of 4 Kbyte loca-

tions that are addressable within the PS700, organized

as 4 banks of 1024 locations each. Bank 0 is dedicated

to EEPROM, Bank 1 contains RAM/Registers, Bank 2

contains Test registers and Bank 3 is reserved.

Table 4-1 describes the PS700 memory map. The

notation is y:0xzzz, where ‘y’ is the bank and ‘zzz’ is the

address in hex.

4.2 EEPROM

The 512-byte EEPROM is located in Bank 0 and

occupies addresses 0:0x000 to 0:0x1FF. All critical

PS700 parameters, calibration factors and learned

data are stored in the PS700 integrated EEPROM. See

Table 4-2 for the PS700 EEPROM map. The EEPROM

can be read using Byte or Block Transfer modes, but

can only be written a byte at a time. Writing the

EEPROM takes approximately 4 ms/byte. An

EEPROM write cycle command from the SMBus is

immediately Acknowledged by the PS700 if no other

EEPROM write cycles are in progress. If a EEPROM

write cycle is attempted while a previous request to

write is in progress, a negative Acknowledge will be

returned until the previous write cycle is completed. A

EEPROM read cycle also results in a negative

Acknowledge or an Acknowledge depending on

whether or not a EEPROM write cycle is in progress

The data EEPROM does not write reliably at tempera-

tures less than 0°C and supply voltages less than 3.3V.

A read or write to a register or RAM location will not be

affected by an EEPROM write cycle in progress.

4.3 General Purpose RAM

32 bytes of general purpose RAM are provided as tem-

porary storage and are located in Bank 1 at 1:0x000

through 1:0x01F. The RAM may be read or written

using either the Byte or Block Transfer modes.

4.4 Operational Registers

The following is a detailed description of all operational

registers within the PS700 and all control, status, result

bits and fields that are contained therein.

4.4.1 DCA – DISCHARGE COUNT 

ACCUMULATOR

The DCA is a 32-bit register that holds the total

accumulated capacity discharged from the battery.

Each time a conversion is performed with the sign bit of

Ires = 1 and current accumulation is enabled, the

measured value is added to DCA. As a result, the

register is updated whenever a current measurement is

performed with a negative voltage across the sense

resistor (VSR < GND).

The DCA register will rollover if it is allowed be updated

beyond 0xFFFFFFFF, so proper register maintenance

by the host system is necessary. The DCA register may

be cleared using the ACCclr register bit, CLR0,

described in Register 4-6.

4.4.2 DTC – DISCHARGE TIME COUNT 

REGISTER

The DTC records the length of accumulated time that

the battery is in a discharge condition as indicated by a

negative voltage on the SR pin. This register is

incremented using a 2 Hz internal clock rate; therefore,

the DTC is incremented at the rate of 2 counts per

second or 7200 counts per hour so long as current

accumulation is enabled and the Ires register returns a

‘1’ in the sign bit following a current conversion. 

The DTC register will rollover if it is allowed to count

beyond 0xFFFFFFFF; therefore, proper register main-

tenance by the host system is necessary. The DTC reg-

ister may be cleared using the ACCclr register bit,

CLR1, described in Register 4-6.

4.4.3 CCA – CHARGE COUNT 

ACCUMULATOR

The CCA is a 32-bit register that holds the total accu-

mulated current delivered as charge into the battery.

Each time a current conversion is performed with the

sign bit of Ires = 0 and current accumulation is enabled,

the measured value is added to CCA. As a result, the

register is updated whenever a current measurement is

performed with a positive voltage across the sense

resistor (VSR > GND).

The CCA register will rollover if it is allowed to be

updated beyond 0xFFFFFFFF; therefore, proper regis-

ter maintenance by the host system is necessary. The

CCA register may be cleared using the ACCclr register

bit, CLR2, described below.
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TABLE 4-1: PS700 MEMORY MAP

Function Byte 3 Byte 2 Byte 1 Byte 0 Bank:Address (Byte 0)

EEPROM

0:0x000

0:0x004

↓ ↓ ↓ ↓

0:0x00C

Register Initialization Values (Reserved Locations must = 0x00) 0:0x020

↓ ↓ ↓ ↓

Register Initialization Values (Reserved Locations must = 0x00) 0:0x084

0:0x088

↓ ↓ ↓ ↓

0:0x1F8

0:0x1FC

Reserved

Reserved 0:0x201

↓ ↓ ↓

Reserved 0:0x3FC

General Purpose 
RAM

1:0x000

1:0x004

1:0x008

↓ ↓ ↓ ↓

1:0x018

1:0x01C

Operational
Registers:

Accumulators/ 
Timers,

A/D Registers,
Mode Control

DCA 1:0x020

DTC 1:0x024

CCA 1:0x028

CTC 1:0x02C

TA 1:0x030

TAT 1:0x034

VC2A 1:0x038

VC2T 1:0x03C

ADconfig Ictrl (ADc0) Ires (ADr0) 1:0x040

Reserved

ITctrl (ADc1) ITres (ADr1) 1:0x044

ETctrl (ADc2) ETres (ADr2) 1:0x048

VPctrl (ADc3) VPres (ADr3) 1:0x04C

GPIOctrl VC1ctrl (ADc4) VC1res (ADr4) 1:0x050

Reserved

VC2ctrl (ADc5) VC2res (ADr5) 1:0x054

OFFSctrl (ADc6) OFFSres (ADr6) 1:0x058

AUXctrl (ADc7) AUXres (ADr7) 1:0x05C

ACCcontrol ACCclr I+trip 1:0x060

Reserved

Reserved

I-trip 1:0x064

VPtrip 1:0x068

VCtrip 1:0x06C

SStrip 1:0x070

TRIPctrl

Reserved

1:0x074

OpMode 1:0x078

Reserved 1:0x07C

Reserved

Reserved 2:0x004

↓ ↓ ↓ ↓

Reserved 2:0x0FC

Cal/Setup
 Registers

MOsct VREFT VBGT SMBAdd 2:0x080

Reserved AOsct Reserved Reserved 2:0x084

Reserved

Reserved 2:0x088

↓ ↓ ↓ ↓

Reserved 2:0x3FC

Reserved

Reserved 3:0x000

↓ ↓ ↓ ↓

Reserved 3:0x3FC
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TABLE 4-2: P7 EEPROM

ADR Name LEN Units DFLT Description

Unused

0x00 (available) (32) — (not used)

Factory

0x88 PATTERN 2 — EEPROM Pattern ID

0x8A TESTER_ID 2 — Tester Program ID/Version

0x8C CAL_STATUS 1 — 0 Bit Flags – Calibration Status

0x8D CF_CURR 2 — Calibration Factor – Gain – Current

0x8F CO_CURR 1 A/D Calibration Factor – Offset – Current

0x90 CF_PACK 2 — Calibration Factor – Gain – Pack

0x92 CF_VCELL1 2 — Calibration Factor – Gain – VCELL1

0x94 CF_VCELL2 2 — Calibration Factor – Gain – VCELL2

0x96 CO_PACK 1 A/D Calibration Factor – Offset – Pack

0x97 CO_VCELL1 1 A/D Calibration Factor – Offset – VCELL1

0x98 CO_VCELL2 1 A/D Calibration Factor – Offset – VCELL2

0x99 CF_TEMPI 2 — Calibration Factor – Gain – Internal Temperature

0x9B CO_TEMPI 2 — Calibration Factor – Offset – Internal Temperature

0x9D CF_TEMPE 2 — Calibration Factor – Gain – External Temperature

0x9F CO_TEMPE 2 — Calibration Factor – Offset – External Temperature

0xA1 RESERVED 4 — Reserved

TOTAL 29

Fuel Gauge

0xA5 VERSION 2 N/A 0x0101 Fuel Gauge Version Number

0xA7 VEOD 2 mV EOD Voltage Threshold

0xA9 VEOC 2 mV EOC Voltage Threshold

0xAB IEOC 2 mA EOC Current Threshold

0xAD EOD_CAP 2 mAh EOD Capacity

0xAF MODE 1 bits Fuel Gauge Mode Bits

0xB0 SERIAL_NO 2 N/A Serial Number – Battery ID

0xB2 CAP_FULL 2 mAh Full Charge Capacity

0xB4 CYCLES 2 cycles Cycle Count

0xB6 VEOD_C 3 XmA VEOD LUT Current Axis

0xB9 VEOD_T 7 XdegC VEOD LUT Temperature Axis

0xC0 VEOD 32 XmV VEOD Voltage Threshold(s)

0xE0 RCAP_T 7 XdegC RCAP LUT – Residual Capacity Temperature Axis

0xE7 RCAP 8 XmAh Residual Capacity

TOTAL 74

Unused

0xEF (available) (17) (not used)
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4.4.4 CTC – CHARGE TIME COUNT 

REGISTER

CTC records the length of accumulated time that the

battery is in a charge condition as indicated by a posi-

tive voltage on the SR pin. This register is incremented

using a 2 Hz internal clock rate; therefore, the CTC is

incremented at the rate of 2 counts per second or 7200

counts per hour so long as current accumulation is

enabled and the Ires register returns a ‘0’ in the sign bit

following a current conversion.

The CTC register will rollover if it is allowed to count

beyond 0xFFFFFFFF; therefore, proper register

maintenance by the host system is necessary. The

CTC register may be cleared using the ACCclr register

bit, CLR3, described below.

4.4.5 TA – TEMPERATURE 

ACCUMULATOR

TA is the accumulated 32-bit value of temperature

measurements from the internal or external tempera-

ture sensor. TA is updated by the Itres or ETres

registers. Selection of the internal temperature sensor,

or external thermistor connected to the NTC pin, is

made in the Accumctrl register, bit tsel.

The TA register will rollover if it is allowed be updated

beyond 0xFFFFFFFF; therefore, proper register

maintenance by the host system is necessary. The TA

register may be cleared using the ACCclr register bit,

CLR4, described below.

4.4.6 TAT – TEMPERATURE TIME COUNT 

REGISTER

The TAT register records the length of accumulated

time that the PS700 is sensing temperature and accu-

mulating the value in register TA. TAT is incremented

using a 2 Hz internal clock rate and is incremented at

the rate of 2 counts per second, or 7200 counts per

hour, as long as temperature accumulation is enabled.

The TAT register will rollover if it is allowed to count

beyond 0xFFFFFFFF; therefore, proper register

maintenance by the host system is necessary. The TAT

register may be cleared using the ACCclr register bit,

CLR5, described below.

4.4.7 VC2A – VC2 ACCUMULATOR

VC2A is a 32-bit register that holds the total

accumulated value measured on the VC2 pin. At the

completion of each measurement, VC2A is

incremented by the value of VC2res. This function is

enabled when the Accumctrl register, bit AccV is a ‘1’.

The VC2A register will rollover if it is allowed to count

beyond 0xFFFFFFFF; therefore, proper register main-

tenance by the host system is necessary. The VC2A

register may be cleared using the ACCclr register bit,

CLR6, described below.

4.4.8 VC2T – VC2 TIME COUNT 

REGISTER

VC2T records accumulated time for which

measurements are taken on the VC2 pin. This register

is incremented using a 2 Hz internal clock rate; there-

fore, VC2T is incremented at the rate of 2 counts per

second or 7200 counts per hour.

The VC2T register will rollover if it is allowed to count

beyond 0xFFFFFFFF; therefore, proper register main-

tenance by the host system is necessary. The VC2T

register may be cleared using the ACCclr register bit,

CLR7, described below.
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4.4.9 ADCONFIG – A/D CONFIGURATION REGISTER 

REGISTER 4-1: ADCONFIG: A/D CONFIGURATION REGISTER (ADDRESS 43 HEX/67 DECIMAL)            

ADEN Samp Reserved SampDiv<2:0>

bit 7 bit 0

bit 7 ADEN: Master A/D Enable bit

If no conversions are desired, the A/D converter must be disabled using this bit.

1 = A/D conversions enabled

0 = A/D conversions disabled

bit 6 Samp: Sample Mode Enable bit

This bit controls the enabling of Sample mode when the PS700 is not in a Power-on Reset,

Sample-Sleep or Shelf-Sleep mode. When set to ‘1’, Sample mode is enabled and conversions

will be performed at a periodic rate determined by the programming of the SampDiv bits. When

cleared, Sample mode is disabled and the PS700 will operate in Run mode.

1 = Sample mode enabled

0 = Sample mode disabled

bit 5-3 Reserved: Reserved bit location

bit 2-0 SampDiv: Sample Period Interval bits

The SampDiv bits determine the interval between sample periods when the PS700 is operating

in Sample mode. The programmed interval will be 2**(SampDiv) * 0.5 sec.

Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared R = Reserved bit
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4.4.10 Accumctrl – ACCUMULATOR CONTROL REGISTER

REGISTER 4-2: Accumctrl: ACCUMULATOR CONTROL REGISTER 

(ADDRESS 63 HEX/99 DECIMAL)           

Accum Accl AccT AccV tsel Reserved

bit 7 bit 0

bit 7 Accum: Accumulator Master Enable bit

“Accum” is a master enable for Accl, AccT and AccV. If any combination of “Accl”, “AccT” and

“AccV” are enabled, Accum must also be enabled to permit accumulation. If “Accum” is ‘0’, no

accumulation will occur regardless of the settings in “Accl”, “AccT” and “AccV”.

1 = Accumulation enabled

0 = Accumulation disabled

bit 6 Accl: Current Accumulation Enable bit

When “AccI” is set to a ‘1’, current accumulation is enabled. The DCA and CCA registers will

periodically add the value of the Ires register. Also, the DCT and CCT elapsed time counter

registers will count during discharge and charge, respectively. When “AccI” is cleared to ‘0’,

current accumulation is disabled.

1 = Current accumulation enabled

0 = Current accumulation disabled

bit 5 AccT: Accumulate Temperature Enable bit

When “Acct” is set to a ‘1’, accumulation will be enabled in TA. TA will accumulate results from

the AD5 Result register and the TAT elapsed time counter will increment. When “Acct” is

cleared to ‘0’, TA accumulation will be disabled.

1 = Accumulate temperature enabled

0 = Accumulate temperature disabled

bit 4 AccV: Accumulate Voltage from VC2 Enable bit

When “AccV” is ‘0’, accumulation in TA will be updated by the VC1res register. When “AccV” is

‘1’, accumulation in TA will be updated by the VC2res register. 

bit 3 tsel: Temperature Selection bit

When “tsel” is ‘0’, the internal temperature sensor is used for accumulation. When “tsel” is ‘1’,

the external temperature sensor is used for accumulation.

1 = External temperature sensor selected

0 = Internal temperature sensor selected

bit 2-0 Reserved: Reserved bit location

Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared R = Reserved bit
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4.4.11 A/D CONTROL REGISTERS

The eight A/D Control registers are defined as follows.

TABLE 4-3: A/D CONTROL REGISTERS

The following register defines the bits contained in the eight A/D Control registers.

REGISTER 4-3: A/D CONTROL REGISTERS          

A/D Reg. # Name Function Location (HEX)

ADc0 Ictrl Current measurement control 42

ADc1 ITctrl Internal temperature measurement control 46

ADc2 ETctrl External temperature measurement control 4A

ADc3 VPctrl Pack voltage measurement control 4E

ADc4 VC1ctrl VC1 voltage measurement control 52

ADc5 VC2ctrl VC2 voltage measurement control 56

ADc6 OFFSctrl Offset measurement control 5A

ADc7 AUXctrl Auxiliary measurement control 5E

Enable Resolution Reference Select

bit 7 bit 0

bit 7 Enable: A/D Measurement Enable bit

A ‘1’ in this bit enables the measurement defined by bits 0-6.

bit 6-4 Resolution: A/D Resolution Selection bits

These three bits control the resolution of the conversion performed for the corresponding A/D

Result register as follows:

Resolution = 0: 8-bit + sign conversion

Resolution = 1: 9-bit + sign conversion

Resolution = 2: 10-bit + sign conversion

Resolution = 3: 11-bit + sign conversion

Resolution = 4: 12-bit + sign conversion

Resolution = 5: 13-bit + sign conversion

Resolution = 6: 14-bit + sign conversion

Resolution = 7: 15-bit + sign conversion

bit 3 Reference: A/D Reference Selection bit

Reference = 0: VR = 170 mV

Reference = 1: VR = 340 mV

bit 2-0 Select: A/D Input Selection bits

Selects the analog mux input for the pending conversion as follows:

Select = 0: Current (SR pin voltage)

Select = 1: Internal temperature sensor

Select = 2: External temperature sensor (NTC pin voltage)

Select = 3: VPACK (pack voltage)

Select = 4: VC1 voltage

Select = 5: VC2 voltage

Select = 6: Offset voltage

Select = 7: Offset voltage

Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared R = Reserved bit
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In order for the A/D control registers to function according to their names, their select fields should be programmed as

follows.

TABLE 4-4: A/D CONTROL REGISTER FUNCTIONS

4.4.12 A/D RESULT REGISTERS

The eight 16-bit ADres registers are defined as follows.

TABLE 4-5: A/D RESULT REGISTERS

The following register defines the bits contained in the eight 16-bit ADres registers.

REGISTER 4-4: ADres REGISTERS          

A/D Reg. # Name Select Value

ADc0 Ictrl 0

ADc1 ITctrl 1

ADc2 ETctrl 2

ADc3 VPctrl 3

ADc4 VC1ctrl 4

ADc5 VC2ctrl 5

ADc6 OFFSctrl 6

ADc7 AUXctrl X

A/D Reg. # Name Function Location (HEX)

ADr0 Ictrl Current measurement result 40

ADr1 ITctrl Internal temperature measurement result 44

ADr2 ETctrl External temperature measurement result 48

ADr3 VPctrl Pack voltage measurement result 4C

ADr4 VC1ctrl VC1 voltage measurement result 50

ADr5 VC2ctrl VC2 voltage measurement result 54

ADr6 OFFSctrl Offset measurement result 58

ADr7 AUXctrl Auxiliary measurement result 5C

Sign Magnitude

bit 15 bit 0

bit 15 Sign: Polarity of the A/D Measurement bit

The Sign bit shows the polarity of the given result where:

1 = The value is negative

0 = The value is positive

bit 14-0 Magnitude: Magnitude of A/D Output bits

Magnitude reports the value of the A/D measurement, with all ‘0’s representing a 0 value and

all ‘1’s representing full scale.

Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared R = Reserved bit

Note: The resolution bits, as defined in the ADctrl register, specify the measurement resolution and therefore,

number of bits stored in the ADres registers. The value stored in the ADres registers is left justified. Bits

beyond the selected resolution should be ignored.
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4.4.13 GPIOctrl – GPIO CONTROL REGISTER

REGISTER 4-5: GPIOctrl: GPIO CONTROL REGISTER (ADDRESS 53 HEX/83 DECIMAL)          

pp0 OE0 IE1 IE0 OUT1 OUT0 IN1 IN0

bit 7 bit 0

bit 7 pp0: Push-Pull Output IO0 bit

Setting this bit to a ‘1’, with bit OE0 set to a ‘1’, will configure the IO0 (NTC) pin as a push-pull

digital output. If pp0 is a ‘0’, with OE0 set to ‘1’, the IE0 is an open-drain output with a 300 kOhm

pull-up to internal VDD.

bit 6 OE0: Output Enable IO0 bit

Setting this bit to a ‘1’ will allow the PS700 to control NTC as either a push-pull (pp0 = 1) or

open-drain (pp0 = 0) output. If OE0 is a ‘0’, the NTC pin is tri-state (pp0 = 1) or pulled up to

internal VDD with a 300 kOhm resistor (pp0 = 0).

bit 5 IE1: Input Enable IO1 bit

Setting this bit to a ‘1’ will enable IO1 (VC2) as a digital input. If IE1 is a ‘0’, the digital input

buffer on IO1 is powered down and IN1 will always read logic ‘0’. 

bit 4 IE0: Input Enable IO0 bit

Setting this bit to a ‘1’ will enable IO0 (NTC) as a digital input. If IE0 is a ‘0’ the digital input buffer

on IO0 is powered down and IN0 will always read logic ‘0’.

bit 3 OUT1: Output Data GPIO1 bit

Setting this bit to a ‘0’ turns on the open-drain pull-down on IO1 (VC2) (forcing a logic ‘0’ on the 

output). Setting this bit to a ‘1’ turns off the pull-down resistor.

bit 2 OUT0: Output Data GPIO0 bit

If OE0 is a ‘1’, the logic value of OUT0 is driven onto the IO0 (NTC) pin by the PS700.

bit 1 IN1: Input Data GPIO1 bit

Current logic state of the IO1 (VC2) pin (read-only).

bit 0 IN0: Input Data GPIO0 bit

Current logic state of the IO0 (NTC) (read-only).

Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared R = Reserved bit
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4.4.14 ACCclr – ACCUMULATOR CLEAR REGISTER

A ‘1’ in any ACCclr bits will clear the associated accumulator. Following the clear operation, all of the bits in ACCclr will

be cleared to ‘0’.

REGISTER 4-6: ACCclr: ACCUMULATOR CLEAR REGISTER (ADDRESS 62 HEX/98 DECIMAL)          

CLR7 CLR6 CLR5 CLR4 CLR3 CLR2 CLR1 CLR0

bit 7 bit 0

bit 7 CLR7: Clear Accumulator 7 bit

A ‘1’ in this register will clear the VC2T accumulator.

bit 6 CLR6: Clear Accumulator 6 bit

A ‘1’ in this register will clear the VC2A accumulator.

bit 5 CLR5: Clear Accumulator 5 bit

A ‘1’ in this register will clear the TAT accumulator.

bit 4 CLR4: Clear Accumulator 4 bit

A ‘1’ in this register will clear the TA accumulator.

bit 3 CLR3: Clear Accumulator 3 bit

A ‘1’ in this register will clear the CTC accumulator.

bit 2 CLR2: Clear Accumulator 2 bit

A ‘1’ in this register will clear the CCA accumulator.

bit 1 CLR1: Clear Accumulator 1 bit

A ‘1’ in this register will clear the DTC accumulator.

bit 0 CLR0: Clear Accumulator 0 bit

A ‘1’ in this register will clear the DCA accumulator.

Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared R = Reserved bit
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4.4.15 TPV – TRIP POINT VALUE 

REGISTERS

There are 5 registers that are utilized to set up Trip

Point Values. These registers are used when enabled

by the TRIPctrl register to enter or exit various power

modes. Three of these Trip Point Value registers con-

tain voltage values and two contain current values. The

Trip Point Value registers, their corresponding Com-

pare registers and their enable locations are listed

below:

VPtrip, VCtrip and SHtrip are used as voltage values to

be compared to VPres, VC1res or VC2res and VPres,

respectively, for transition in and out of various power

modes. I+trip and I-trip are used as current values to be

compared to Ires for transition in and out of various

power modes. The format for data in these registers is

left justified. For the purpose of this trip point, only

magnitude is compared, the sign is ignored.

REGISTER 4-7: TPV: TRIP POINT VALUE REGISTERS        

TPV

Register

Location

(HEX)

Comparison

Register

Enable

Bit

I+trip 60 Ires Iex

I-trip 64 Ires Ient

VPtrip 68 VPres VPex

VCtrip 6C VC1res or

VC2res

VC1ent or

VC2ent

SHtrip 70 VPres SHent

Sign Magnitude

bit 15 bit 0
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4.4.16 OpMode – OPERATION MODE CONTROL REGISTER

REGISTER 4-8: OpMode: OPERATION MODE CONTROL REGISTER 

(ADDRESS 7A HEX/DECIMAL 122)         

SSLP Reserved SSLPdiv Shelf POR sPOR

bit 7 bit 0

bit 7 SSLP: Sample-Sleep Enable bit

Setting this bit to a ‘1’ immediately enables Sample-Sleep mode. The low-power oscillator is

enabled and the A/D sampling rate is reduced. Clearing this bit to ‘0’ disables Sample-Sleep

mode.

1 = Sample-Sleep mode enabled

0 = Sample-Sleep mode disabled

bit 6 Reserved: Reserved bit location

bit 5-3 SSLPdiv: Sample-Sleep Divider bits

These bits set the interval between sampling of the A/D during Sample-Sleep. The timing is set

as: Sampling Interval = (.5 sec * 2 ** Sampdiv * 2 ** SSLPdiv)

bit 2 SHELF: Shelf-Sleep Enable bit

Writing a ‘1’ to this register will place the device in Shelf-Sleep mode. Volatile memory will not

be maintained. The Shelf-Sleep mode will not actually be entered until a SMBus Stop condition

occurs and then SDA and SCL go low.

bit 1 POR: Power-on Reset bit

A ‘1’ in this register indicates that a Power-on Reset has occurred. Write this register to ‘0’ to

clear this indicator. 

bit 0 sPOR: Soft Power-on Reset bit

Writing a ‘1’ to this register will cause the device to re-initialize by writing the contents of the

EEPROM into all working registers.

Legend:

‘1’ = Bit is set ‘0’ = Bit is cleared R = Reserved bit
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