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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VDD = +4.0V to +9.2V, TA = -20°C to +70°C, unless otherwise noted. Typical values are at TA = +25°C.)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Voltage Range on PLS, CP, CC, DC Pins
Relative to VSS.....................................................-0.3V to +18V

Voltage Range on VDD, VIN1, VIN2, SRC Pins
Relative to VSS....................................................-0.3V to +9.2V

Voltage Range on All Other Pins Relative to VSS ..-0.3V to +6.0V

Continuous Sink Current, PIO, DQ......................................20mA
Continuous Sink Current, CC, DC.......................................10mA
Operating Temperature Range ...........................-20°C to +70°C
Storage Temperature Range .............................-55°C to +125°C
Lead Temperature (soldering, 10s) .................................+300°C
Soldering Temperature (reflow) .......................................+260°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Sleep mode, TA  +50°C  3 5 
IDD0 

Sleep mode, TA > +50°C  10

IDD1 Active mode  80 135 
Supply Current 

IDD2 Active mode during SHA-1 computation  120 300 

μA 

Temperature Accuracy TERR  -3  +3 °C 

2.0V  VIN1  4.6V, 2.0V  (VIN2 - VIN1)  4.6V, 
0°C  TA  +50°C

-35  +35 

TA = +25°C 
-22  22 

Voltage Accuracy 

-50  +50 

mV 

Input Resistance (VIN1, VIN2)  15   M

Current Resolution ILSB   1.56  μV 

Current Full Scale IFS  -51.2  +51.2 mV 

Current Gain Error IGERR  -1  +1 % FS 

Current Offset IOERR 0°C  TA  +70°C (Note 1) -9.375  9.375 μVh 

Accumulated Current Offset qOERR 0°C  TA  +70°C (Note 1) -255  0 μVh/Day 

0°C  TA  +50°C -2  +2 
Time-Base Error tERR 

 -3  +3 
%

CP Output Voltage (VCP - VSRC) VGS IOUT = 0.9μA 4.4 4.7 5 V 

CP Startup Time tSCP CE = 0, DE = 0, CCP = 0.1μF, active mode   200 ms 

Output High: CC, DC VOHCP IOH = 100μA (Note 2) VCP - 0.4    V 

Output Low: CC VOLCC IOL = 100μA    VSRC + 0.1 V 

Output Low: DC VOLDC IOL = 100μA    VSRC + 0.1 V 

DQ, PIO Voltage Range  -0.3  +5.5 V 

DQ, PIO, SDA, SCL Input  
Logic-High 

VIH  1.5   V 

DQ, PIO, SDA, SCL Input  
Logic-Low 

VIL    0.6 V 

OVD Input Logic-High VIH  VBAT - 0.2    V 

OVD Input Logic-Low VIL     VSS + 0.2 V 

2.0V  VIN1  4.6V, 2.0V  (VIN2 - VIN1)  4.6V, 

2.0V  VIN1  4.6V, 2.0V  (VIN2 - VIN1)  4.6V, 
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = +4.0V to +9.2V, TA = -20°C to +70°C, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

DQ, PIO, SDA Output Logic-Low VOL IOL = 4mA   0.4 V 

DQ, PIO Pullup Current IPU Sleep mode, VPIN = (VDD - 0.4V) 30 100 200 nA 

DQ, PIO, SDA, SCL Pulldown 
Current 

IPD Active mode, VPIN = 0.4V 30 100 200 nA 

DQ Input Capacitance CDQ   50  pF 

DQ Sleep Timeout tSLEEP DQ < VIL 2  9 s 

PIO, DQ Wake Debounce tWDB Sleep mode  100  ms 

SHA-1 COMPUTATION TIMING (DS2776/DS2778 ONLY)
(VDD = +4.0V to +9.2V, TA = 0°C to +70°C, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Computation Time tCOMP    30 ms 

ELECTRICAL CHARACTERISTICS: PROTECTION CIRCUIT
(VDD = +4.0V to +9.2V, TA = 0°C to +50°C, unless otherwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

VOV = 1110111b 4.438 4.473 4.508 
Overvoltage Detect VOV 

VOV = 1100011b 4.242 4.277 4.312 
V

Charge-Enable Voltage VCE Relative to VOV  -100  mV 

Undervoltage Detect VUV 
Programmable in Control register 0x60h, 
UV[1:0] = 10 

2.415 2.450 2.485 V 

OC = 11b -60 -75 -90 
Overcurrent Detect: Charge VCOC 

OC = 00b -12.5 -25 -38 
mV 

OC = 11b 80 100 120 
Overcurrent Detect: Discharge VDOC 

OC = 00b 25 38 50 
mV 

SC =1b 240 300 360 
Short-Circuit Current Detect VSC 

SC = 0b 120 150 180 
mV 

Overvoltage Delay tOVD (Note 3) 600  1400 ms 

Undervoltage Delay tUVD (Note 3) 600  1400 ms 

Overcurrent Delay tOCD  8 10 12 ms 

Short-Circuit Delay tSCD  80 120 160 μs 

Charger-Detect Hysteresis VCD VUV condition  50  mV 

Test Threshold VTP COC, DOC condition 0.4 1.0 1.2 V 

DOC condition 20 40 80 
Test Current ITST 

COC condition -45 -60 -95 
μA 

PLS Pulldown Current IPPD Sleep mode 200 400 630 μA 

Recovery Current IRC 
VUV condition, max: VPLS = 15V, VDD = 1.4V; 
min: VPLS = 4.2V, VDD = 2V 

3.3 8 13 mA 



4 _______________________________________________________________________________________

EEPROM RELIABILITY SPECIFICATION
(VDD = +4.0V to +9.2V, TA = -20°C to +70°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

EEPROM Copy Time tEEC    10 ms 

EEPROM Copy Endurance NEEC TA = +50°C 50,000   Cycles 

ELECTRICAL CHARACTERISTICS: 1-Wire INTERFACE, STANDARD (DS2775/DS2776 ONLY)
(VDD = +4.0V to +9.2V, TA = -20°C to +70°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Time Slot tSLOT  60  120 μs 

Recovery Time tREC  1   μs 

Write-Zero Low Time tLOW0  60  120 μs 

Write-One Low Time tLOW1  1  15 μs 

Read Data Valid tRDV    15 μs 

Reset Time High tRSTH  480   μs 

Reset Time Low tRSTL  480  960 μs 

Presence-Detect High tPDH  15  60 μs 

Presence-Detect Low tPDL  60  240 μs 

ELECTRICAL CHARACTERISTICS: 1-Wire INTERFACE, OVERDRIVE (DS2775/DS2776 ONLY)
(VDD = +4.0V to +9.2V, TA = -20°C to +70°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Time Slot tSLOT  6  16 μs 

Recovery Time tREC  1   μs 

Write-Zero Low Time tLOW0  6  16 μs 

Write-One Low Time tLOW1  1  2 μs 

Read Data Valid tRDV    2 μs 

Reset Time High tRSTH  48   μs 

Reset Time Low tRSTL  48  80 μs 

Presence-Detect High tPDH  2  6 μs 

Presence-Detect Low tPDL  8  24 μs 
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ELECTRICAL CHARACTERISTICS: 2-WIRE INTERFACE (DS2777/DS2778 ONLY)
(VDD = +4.0V to +9.2V, TA = -20°C to +70°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SCL Clock Frequency fSCL (Note 4) 0  400 kHz 

Bus-Free Time Between a STOP 
and START Condition 

tBUF  1.3   μs 

Hold Time (Repeated) START 
Condition 

tHD:STA (Note 5) 0.6   μs 

Low Period of SCL Clock tLOW  1.3   μs 

High Period of SCL Clock tHIGH  0.6   μs 

Setup Time for a Repeated 
START Condition 

tSU:STA  0.6   μs 

Data Hold Time tHD:DAT (Notes 6, 7) 0  0.9 μs 

Data Setup Time tSU:DAT (Note 6) 100   ns 

Rise Time of Both SDA and SCL 
Signals 

tR
20 + 

0.1CB
 300 ns 

Fall Time of Both SDA and SCL 
Signals 

tF
20 + 

0.1CB
 300 ns 

Setup Time for STOP Condition tSU:STO  0.6   μs 

Spike Pulse Widths Suppressed 
by Input Filter 

tSP (Note 8) 0  50 ns 

Capacitive Load for Each Bus 
Line 

CB (Note 9)   400 pF 

SCL, SDA Input Capacitance CBIN    60 pF 

Note 1: Accumulation bias and offset bias registers set to 00h. NBEN bit set to 0.
Note 2: Measurement made with VSRC = +8V, VGS driven with external +4.5V supply.
Note 3: Overvoltage (OV) and undervoltage (UV) delays (tOVD, tUVD) are reduced to zero seconds if the OV or UV condition is

detected within 100ms of entering active mode.
Note 4: Timing must be fast enough to prevent the DS2777/DS2778 from entering sleep mode due to bus low for period > tSLEEP.
Note 5: fSCL must meet the minimum clock low time plus the rise/fall times.
Note 6: The maximum tHD:DAT need only be met if the device does not stretch the low period (tLOW) of the SCL signal.
Note 7: This device internally provides a hold time of at least 75ns for the SDA signal (referred to the VIHMIN of the SCL signal) to

bridge the undefined region of the falling edge of SCL.
Note 8: Filters on SDA and SCL suppress noise spikes at the input buffers and delay the sampling instant.
Note 9: CB is total capacitance of one bus line in pF.
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(TA = +25°C, unless otherwise noted.)

DISCHARGE-OVERCURRENT
PROTECTION DELAY

DS2775/6/7/8 toc01

DC FET
GATE

2V/div

2V/div

0V

0V

0V

0V

1V/div

20mV/div

DC FET
SOURCE

VGS

VSNS 25mΩ
SENSE RESISTOR
WITH DISCHARGE-
OVERCURRENT
THRESHOLD = 38mV

TIME (ms)
181614121086420 20

CC FET GATE TURN-OFF DURING
CHARGE-OVERCURRENT EVENT

DS2775/6/7/8 toc02

CC FET
GATE

2V/div

2V/div

0V

0V

0V

0V

1V/div

20mV/div

CC FET
SOURCE

VGS CC FET

VSNS 25mΩ
SENSE RESISTOR
WITH CHARGE-
OVERCURRENT
THRESHOLD = 25mV

TIME (μs)
454035302520151050 50

DC FET GATE TURN-OFF DURING
SHORT-CIRCUIT EVENT

DS2775/6/7/8 toc03

DC FET
GATE

2V/div

0V

0V

0V

0V

2V/div

1V/div

50mV/div

DC FET
SOURCE

VGS DC FET

VSNS 25mΩ
SENSE RESISTOR
WITH SHORT-CIRCUIT
THRESHOLD = 150mV

TIME (μs)
181614121086420 20

SHORT-CIRCUIT PROTECTION
DELAY

DS2775/6/7/8 toc04

DC FET
GATE

2V/div

0V

0V

0V

0V

2V/div

1V/div

100mV/div

DC FET
SOURCE

VGS DC FET

VSNS 25mΩ
SENSE RESISTOR
WITH SHORT-CIRCUIT
THRESHOLD = 150mV

TIME (μs)
180160140120100806040200 200

VOLTAGE MEASUREMENT
ACCURACY

DS
27

75
/6

/7
/8

 to
c0

5

VINX (V)

AC
CU

RA
CY

 (m
V)

4321

2

4

6

8

10

12

14

16

18

20

0
0

+70°C
-20°C

+25°C

CHARGE-PUMP STARTUP EXITING SLEEP
MODE (VDD = 8V NO LOAD ON PK+)

DS2775/6/7/8 toc06

TIME (ms)

VO
LT

AG
E 

(V
)

908010 20 30 50 6040 70

0

2

3

4

5

6

7

8

-2
0 100

2.75V

12.6V
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CURRENT MEASUREMENT
ACCURACY

DS
27

75
/6

/7
/8

 to
c0

7

VSNS (mV)

AC
CU

RA
CY

 (μ
V)

0.0480.0280.008-0.012-0.032

-75

-25

25

75

125

-125
-0.052

+70°C

-20°C

+25°C

IRC vs. VDD

DS
27

75
/6

/7
/8

 to
c0

8

VDD (V)

I R
C 

(m
A)

54321

1

2

3

4

5

6

7

0
0 6

1kΩ RESISTOR FROM PLS TO PK+

CURRENT MEASUREMENT OFFSET
vs. TEMPERATURE

DS
27

75
/6

/7
/8

 to
c0

9

TEMPERATURE (°C)

LS
B 

(1
.5

62
5μ

V)

6040200

-4

-3

-2

-1

0

1

2

-5
-20

(TA = +25°C, unless otherwise noted.)
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1 CC 

2 VDD 

3 DC 

4 VIN2

5 VIN1

6 VB 

7 VSS 

8 SNS 

9 PIO 

10 PLS 

11 SDA/DQ 

12 SCL/OVD 

13 SRC 

14 CP

— EP 

TOP VIEW

TDFN-EP
(3mm × 5mm)

1CC
2VDD

3DC
4VIN2

5VIN1

6VB
7VSS

14 CP

EP

13 SRC
12 SCL/OVD
11 SDA/DQ
10 PLS
9 PIO
8 SNS

+

DS2775
DS2776
DS2777
DS2778

μ

μ

μ
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Li+
PROTECTOR

POWER-MODE
CONTROL

VOLTAGE

CURRENT

10-BIT + SIGN
ADC/MUX

FuelPack™
ALGORITHM

FET DRIVERS

CHARGE
PUMP

15-BIT + SIGN
ADC

TEMPERATURE

PRECISION ANALOG
OSCILLATOR VREF

PIN
DRIVERS

AND
POWER
SWITCH

CONTROL

PIO LOGIC

COMMUNICATION
INTERFACE

DS2775–DS2778

CONTROL AND
STATUS REGISTERS

16-BYTE USER
EEPROM

32-BYTE
PARAMETER

EEPROM

PLS

VOLTAGE
REGULATOR

VDD

VB

VB INTERNAL

CC

DC

CP

VIN2

VIN1

SNS

SDA/DQ

SCL/OVD

PIO

VSS
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DS2775
DS2776

PLS

DQ

VB

PIO

VDD

VIN2

VIN1

CP

VSS OVDSNS

SRC

CC SRC DC

1kΩ

150Ω

RSNS

1kΩ1kΩ 150Ω
1kΩ1kΩ

PK+

PK-

DATA

0.1μF

0.47μF
0.1μF

5.1V

DS2777
DS2778

PLS

SDA

VB

PIO

SCL

VDD

VIN2

VIN1

CP

VSSSNS

SRC

CC SRC DC

1kΩ

150Ω

RSNS

1kΩ1kΩ 150Ω
1kΩ1kΩ

PK+

PK-

SDA

150Ω
SCL

0.1μF

0.47μF
0.1μF5.1V5.1V
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–

– –
–

–

ACTIVE
PMOD = 0
UVEN = 0

SLEEP
PSPIO = 0
PSDQ = 0

RISING EDGE ON DQ

CHARGER DETECT

PULL DQ LOW

CHARGER DETECT

ACTIVE
PMOD = 0
UVEN = 1

SLEEP
PSPIO = 0
PSDQ = 1

VIN1 OR VIN2 < VUV

PULL PIO LOW

RISING EDGE ON DQ

CHARGER DETECT

ACTIVE
PMOD = 1
UVEN = 0

SLEEP
PSPIO = 1
PSDQ = 0

PULL DQ LOW FOR tSLEEP

PULL DQ LOW FOR tSLEEP

PULL DQ LOW

PULL PIO LOW

CHARGER DETECT

ACTIVE
PMOD = 1
UVEN = 1

SLEEP
PSPIO = 1
PSDQ = 1

VIN1 OR VIN2 < VUV

ACTIVE
PMOD = 0
UVEN = 0

SLEEP
PSPIO = 0
PSDQ = X

RISING EDGE ON SDA OR SCL

CHARGER DETECT

VIN1 OR VIN2 < VUV

CHARGER DETECT

ACTIVE
PMOD = 0
UVEN = 1

SLEEP
PSPIO = 0
PSDQ = X

RISING EDGE ON SDA OR SCL

PULL PIO LOW

CHARGER DETECT

PULL SDA AND SCL LOW
FOR tSLEEP

ACTIVE
PMOD = 1
UVEN = 0

SLEEP
PSPIO = 1
PSDQ = X

RISING EDGE ON SDA OR SCL

PULL SDA AND SCL LOW
FOR tSLEEP

PULL PIO LOW

CHARGER DETECT

VIN1 OR VIN2 < VUV

ACTIVE
PMOD = 1
UVEN = 1

SLEEP
PSPIO = 1
PSDQ = X

RISING EDGE ON SDA OR SCL
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ACTIVATION 
CONDITION 

THRESHOLD DELAY RESPONSE 
RELEASE THRESHOLD 

Overvoltage (OV) (Note 1) VCELL > VOV tOVD CC Off 
Both VCELL < VCE or  

(VSNS  1.2mV and both  
VCELL < VOV) (Note 1) 

Undervoltage (UV) (Note 1) VCELL < VUV tUVD
CC Off, DC Off, 

Sleep Mode (Note 2) 

VPLS > VIN2 (charger connected) 
or (both VCELL > VUV and 

UVEN = 0) (Note 3) 

Overcurrent, Charge (COC) VSNS < VCOC tOCD CC Off, DC Off 
VPLS < VDD – VTP

(charger removed) (Note 4) 

Overcurrent, Discharge 
(DOC) 

VSNS > VDOC tOCD DC Off 
VPLS > VDD – VTP

(load removed) (Note 5) 

Short Circuit (SC) VSNS > VSC tSCD DC Off VPLS > VDD – VTP (Note 5) 

≥

VOV
VCE

VUV

VIN

VSNS

-VCOC

0

VDOC

VSC

tOVD tOVD tOCD tUVD

tUVDtOCDtSCO

DISCHARGE

CHARGE

POWER
MODE 

ACTIVE

SLEEP*

*IF UVEN = 1.

CC

DC

VOHCC

VCP

VDD

VCP

VPLS
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–
–

–

–

–

–

–

–

–

MSB - ADDRESS 0Ch, VIN1 - VSS LSB - ADDRESS 0Dh, VIN1 - VSS

MSB - ADDRESS 1Ch, VIN2 - VIN1 LSB - ADDRESS 1Dh, VIN2 - VIN1

S 29 28 27 26 25 24 23 22 21 20 X X X X X 
MSb LSb MSb LSb

“S”: SIGN BIT(S), “X”: RESERVED UNITS: 4.883mV
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–
°

–

±

μ
±

MSB—ADDRESS 0Ah LSB—ADDRESS 0Bh 

S 29 28 27 26 25 24 23 22 21 20 X X X X X 

MSb LSb MSb LSb

“S”: SIGN BIT(S), “X”: RESERVED UNITS: 0.125°C

MSB—ADDRESS 0Eh LSB—ADDRESS 0Fh 

S 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

MSb LSb MSb LSb

“S”: SIGN BIT(S) UNITS: 1.5625μV/RSNS

MSB—ADDRESS 08h LSB—ADDRESS 09h 

S 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

MSb LSb MSb LSb

“S”: SIGN BIT(S) UNITS: 1.5625μV/RSNS
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μ
μ μ

μ
μ

–

–

ADDRESS 7Bh 

S 26 25 24 23 22 21 20     

MSb LSb

“S”: SIGN BIT(S) UNITS: 1.56μV/RSNS

MSB—ADDRESS 78h LSB—ADDRESS 79h 

X SC0 OC1 OC0 X 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10

MSb LSb MSb LSb

“X”: RESERVED UNITS: 2–10
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–
–

° °

°

–

μ

μ

Ω
Ω

RSNS
TYPE OF RESOLUTION/RANGE VSS - VSNS

20m 15m 10m 5m

Current Resolution 1.5625μV 78.13μA 104.2μA 156.3μA 312.5μA 

Current Range ±51.2mV ±2.56A ±3.41A ±5.12A ±10.2A 

ACR Resolution 6.25μVh 312.5μAh 416.7μAh 625μAh 1.250mAh 

ACR Range ±409.6mVh ±20.48Ah ±27.30Ah ±40.96Ah ±81.92Ah 

MSB—ADDRESS 10h LSB—ADDRESS 11h 

215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

MSb LSb MSb LSb

UNITS: 6.25μV/RSNS
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–

–

°
°

°

° °
°

ADDRESS 61h 

S 26 25 24 23 22 21 20     

MSb LSb

“S”: SIGN BIT(S) UNITS: 6.25μV/RSNS

ADDRESS 1Eh 

27 26 25 24 23 22 21 20     

MSb LSb

UNITS: 2 cycles
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CAPACITY LOOKUP

AVAILABLE CAPACITY CALCULATION

ACR HOUSEKEEPING

AGE ESTIMATOR

LEARN FUNCTION

VOLTAGE (R) FULL FULL(T) (R)

ACTIVE EMPTY AE(T) (R)

STANDBY EMPTY SE(T) (R)

REMAINING ACTIVE-ABSOLUTE
CAPACITY (RAAC) mAh (R)

REMAINING STANDBY-ABSOLUTE
CAPACITY (RSAC) mAh (R)

REMAINING ACTIVE-RELATIVE
CAPACITY (RARC) % (R)

REMAINING STANDBY-RELATIVE
CAPACITY (RSRC) % (R)

TEMPERATURE (R)

CURRENT (R)

AVERAGE CURRENT (R)

ACCUMULATED
CURRENT (ACR) (RW)

AGE SCALAR (AS)
(1 BYTE EE)

AGING CAPACITY (AC)
(2 BYTES EE)

SENSE-RESISTOR PRIME (RSNSP)
(1 BYTE EE)

CHARGE VOLTAGE (VCHG)
(1 BYTE EE)

MINIMUM CHARGE CURRENT (IMIN)
(1 BYTE EE)

ACTIVE-EMPTY VOLTAGE (VAE)
(1 BYTE EE)

ACTIVE-EMPTY CURRENT (IAE)
(1 BYTE EE)

CELL MODEL PARAMETERS
(EEPROM)

USER MEMORY (EEPROM)

16 BYTES

CYCLE COUNTER (EEPROM)

–

°
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100%

SEGMENT 1

DERIVATIVE
(ppm/°C)

FULL

ACTIVE
EMPTY STANDBY

EMPTY

SEGMENT 2 SEGMENT 3 SEGMENT 4

+40°CTBP34TBP23TBP12

SEGMENT 5

CELL
CHARACTERIZATION

CELL
CHARACTERIZATION DATA

–

°
–

–

°

°
°

μ μ °
°
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°
°

Ω
Ω Ω

Ω

TEMPERATURE

CELL MODEL
PARAMETERS

(EEPROM)
LOOKUP

FUNCTION

FULL(T)

AE(T)

SE(T)

Manufacturer’s Rated Cell Capacity: 1000mAh

Charge Voltage: 4.2V Termination Current: 50mA 

Active Empty (V): 3.0V Standby Empty (I): 300mA 

Sense Resistor: 0.020

SEGMENT BREAKPOINTS   

TBP12 = -12°C 
TBP23 = 0°C 
TBP34 = 18°C

CALCULATED VALUE
+40°C NOMINAL 

(mAh) 
SEGMENT 1 

(ppm/°C) 
SEGMENT 2 

(ppm/°C) 
SEGMENT 3 

(ppm/°C) 
SEGMENT 4 

(ppm/°C) 

Full 1051 3601 3113 1163 854 

Active Empty  2380 1099 671 305 

Standby Empty  1404 427 244 183 

°
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μ
Ω

μ
Ω

μ
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•

•

•

–

°

°

°
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RAAC [mAh] = (ACR[mVh] - AE(T) x FULL40[mVh]) x RSNSP [mhos]*

RSAC [mAh] = (ACR[mVh] - SE(T) x FULL40[mVh]) x RSNSP [mhos]*

RARC [%] = 100% x (ACR[mVh] - AE(T) x FULL40[mVh])/{(AS x FULL(T) - AE(T)) x FULL40[mVh]}

RSRC [%] = 100% x (ACR[mVh] - SE(T) x FULL40[mVh])/{(AS x FULL(T) - SE(T)) x FULL40[mVh]}
*RSNSP = 1/RSNS

MSB—ADDRESS 02h LSB—ADDRESS 03h 

215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

MSb LSb MSb LSb

UNITS: 1.6mAh

MSB—ADDRESS 04h LSB—ADDRESS 05h 

215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

MSb LSb MSb LSb

UNITS: 1.6mAh

MSB–ADDRESS 06h 

215 214 213 212 211 210 29 28     

MSb LSb

UNITS: 1%

MSB–ADDRESS 07h 

215 214 213 212 211 210 29 28     

MSb LSb

UNITS: 1%
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BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1   BIT 0 

X X X X CC DC CE DE 
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–

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

CHGTF AEF SEF LEARNF X X X X 
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μ

–

–

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

NBEN UVEN PMOD RNAOP VUV1 VUV0 PSPIO PSDQ 

VUV[1:0] BIT FIELD VUV (V) 

0 0 2.00 

0 1 2.30 

1 0 2.45 

1 1 2.60 
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BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

X VOV6 VOV5 VOV4 VOV3 VOV2 VOV1 VOV0 

VOV[6:0] BIT FIELD OV

0 0 0 0 0 0 0 3.311 

0 0 0 0 0 0 1 3.320 

0 0 0 0 0 1 0 3.330 

0 0 0 0 0 1 1 3.340 

0 0 0 0 1 0 0 3.350 

0 0 0 0 1 0 1 3.359 

0 0 0 0 1 1 0 3.369 

0 0 0 0 1 1 1 3.379 

0 0 0 1 0 0 0 3.389 

0 0 0 1 0 0 1 3.398 

0 0 0 1 0 1 0 3.408 

0 0 0 1 0 1 1 3.418 

0 0 0 1 1 0 0 3.428 

0 0 0 1 1 0 1 3.438 

0 0 0 1 1 1 0 3.447 

0 0 0 1 1 1 1 3.457 

... ... 

(V) V VOV[6:0] BIT FIELD

1 1 1 0 0 0 0 4.404 

1 1 1 0 0 0 1 4.414 

1 1 1 0 0 1 0 4.424 

1 1 1 0 0 1 1 4.434 

1 1 1 0 1 0 0 4.443 

1 1 1 0 1 0 1 4.453 

1 1 1 0 1 1 0 4.463 

1 1 1 0 1 1 1 4.473 

1 1 1 1 0 0 0 4.482 

1 1 1 1 0 0 1 4.492 

1 1 1 1 0 1 0 4.502 

1 1 1 1 0 1 1 4.512 

1 1 1 1 1 0 0 4.521 

1 1 1 1 1 0 1 4.531 

1 1 1 1 1 1 0 4.541 

1 1 1 1 1 1 1 4.551 

OV (V) V



______________________________________________________________________________________ 29

–

OC[1:0] BIT FIELD VCOC (mV) VDOC (mV) 

0 0 -25 38 

0 1 -38 50 

1 0 -50 75 

1 1 -75 100 

SC0 BIT FIELD VSC (mV) 

0 150 

1 300 

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

X X X X X X SHA_IDLE PIOB 

ADDRESS 78h 

X SC0 OC1 OC0 X 20 2-1 2-2     

MSb LSb

“X”: RESERVED
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W

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

EEC LOCK X X X X BL1 BL0 
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–

—

–
–

—

SHADOW RAM

EEPROM

WRITE
RECALL

COPY

READ
SERIAL

INTERFACE
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ADDRESS 
(HEX)

DESCRIPTION
ADDRESS 

(HEX)
DESCRIPTION 

60h Control Register 71h AE Segment 3 Slope Register 

61h Accumulation Bias Register (AB) 72h AE Segment 2 Slope Register 

62h Aging Capacity Register MSB (AC) 73h AE Segment 1 Slope Register 

63h Aging Capacity Register LSB (AC) 74h SE Segment 4 Slope Register 

64h Charge Voltage Register (VCHG) 75h SE Segment 3 Slope Register 

65h Minimum Charge Current Register (IMIN) 76h SE Segment 2 Slope Register 

66h Active-Empty Voltage Register (VAE) 77h SE Segment 1 Slope Register 

67h Active-Empty Current Register (IAE) 78h Sense-Resistor Gain Register MSB (RSGAIN) 

68h Active-Empty 40 Register 79h Sense-Resistor Gain Register LSB (RSGAIN) 

69h Sense Resistor Prime Register (RSNSP) 

6Ah Full 40 MSB Register 
7Ah 

Sense-Resistor Temperature Coefficient Register 
(RSTC) 

6Bh Full 40 LSB Register 7Bh Current Offset Bias Register (COB) 

6Ch Full Segment 4 Slope Register 7Ch TBP34 Register 

6Dh Full Segment 3 Slope Register 7Dh TBP23 Register 

6Eh Full Segment 2 Slope Register 7Eh TBP12 Register 

6Fh Full Segment 1 Slope Register 7Fh Protector Threshold Register 

70h AE Segment 4 Slope Register 80h 2-Wire Slave Address Register 

ADDRESS (HEX) DESCRIPTION READ/WRITE 

00h Protection Register R/W 

01h Status Register R/W 

02h RAAC Register MSB  R 

03h RAAC Register LSB  R 

04h RSAC Register MSB  R 

05h RSAC Register LSB  R 

06h RARC Register R 

07h RSRC Register R 

08h Average Current Register MSB  R 

09h Average Current Register LSB  R 

0Ah Temperature Register MSB  R 

0Bh Temperature Register LSB  R 

0Ch Voltage Register MSB, VIN1 - VSS  R 

0Dh Voltage Register LSB, VIN1 - VSS  R 

0Eh Current Register MSB  R 

0Fh Current Register LSB  R 

10h Accumulated Current Register MSB  R/W* 

11h Accumulated Current Register LSB R/W* 

12h Accumulated Current Register LSB - 1 R 
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–

ADDRESS (HEX) DESCRIPTION READ/WRITE 

13h Accumulated Current Register LSB - 2 R 

14h Age Scalar Register R/W* 

15h Special Feature Register R/W 

16h Full Register MSB R 

17h Full Register LSB R 

18h Active-Empty Register MSB R 

19h Active-Empty Register LSB R 

1Ah Standby-Empty Register MSB R 

1Bh Standby-Empty Register LSB R 

1Ch Voltage Register MSB, VIN2 - VIN1 R 

1Dh Voltage Register LSB, VIN2 - VIN1 R 

1Eh Cycle Counter Register R/W* 

1Fh EEPROM Register R/W 

20h to 2Fh User EEPROM Register, Lockable, Block 0 R/W 

30h to 5Fh Reserved — 

60h to 80h Parameter EEPROM Register, Lockable, Block 1 R/W 

81h to AFh Reserved — 

B0h Factory Gain RSGAIN Register MSB R 

B1h Factory Gain RSGAIN Register LSB R 

B2h to FDh Reserved — 

FEh 2-Wire Command Register W 

FFh Reserved — 

*

 8-BIT CRC 48-BIT SERIAL NUMBER 
8-BIT FAMILY 
CODE (32h) 

 MSb  LSb 
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COMMAND HEX FUNCTION 

Write Challenge 0Ch 
Writes 64-bit challenge for SHA-1 processing. Required prior to issuing 
Compute MAC and Compute Next Secret commands. 

Compute MAC without ROM ID (and 
Return MAC for the DS2776 only) 

36h 
Computes hash of the message block with logical 1s in place of the ROM 
ID. (Returns the 160-bit MAC for the DS2776 only.) 

Compute MAC with ROM ID (and Return 
MAC for the DS2776 only) 

35h 
Computes hash of the message block including the ROM ID. (Returns the 
160-bit MAC for the DS2776 only.) 

Read ROM ID (DS2778 only) 39h Returns the ROM ID (DS2778 only). 

Read MAC (DS2778 only) 3Ah Returns the 160-bit MAC (DS2778 only). 
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®

COMMAND HEX FUNCTION 

Clear Secret 5Ah Clears the 64-bit secret to 0000 0000 0000 0000h. 

Compute Next Secret without ROM ID 30h Generates new global secret. 

Compute Next Secret with ROM ID 33h Generates new unique secret. 

Lock Secret 60h Sets lock bit to prevent changes to the secret. 

MSb XOR XOR

XOR

INPUT

LSb
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Ω Ω

•

•

•

•

Rx

BUS MASTER

Rx = RECEIVE
Tx = TRANSMIT

4.7kΩ

100nA
(TYP)

VPULLUP
(2.0V TO 5.5V)

Tx

Rx

Tx

100Ω MOSFET

DS2775/DS2776 1-Wire PORT (DQ)
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COMMAND HEX DESCRIPTION

Write Challenge 0Ch 
Writes 64-bit challenge for SHA-1 processing. Required immediately prior 
to all Compute MAC and Compute Next Secret commands. 

Compute MAC without ROM ID (and 
Return MAC for the DS2776 only) 

36h 
Computes hash of the message block with logical 1s in place of ROM ID. 
(Returns the 160-bit MAC for the DS2776 only.) 

Compute MAC with ROM ID (and Return 
MAC for the DS2776 only) 

35h 
Computes hash of the message block using the ROM ID. (Returns the 
160-bit MAC for the DS2776 only.) 

Clear Secret 5Ah Clears the 64-bit secret to 0000 0000 0000 0000h. 

Compute Next Secret without the ROM ID 30h Generates new global secret. 

Compute Next Secret with ROM ID 33h Generates new unique secret. 

Read ROM ID (DS2778 only) 39h Returns the ROM ID (DS2778 only). 

Read MAC (DS2778 only) 3Ah Returns the 160-bit MAC (DS2778 only). 

Lock Secret 60h Sets lock bit to prevent changes to the secret. 

Read Data 69h, XXh Reads data from memory starting at address XXh. 

Write Data 6Ch, XXh Writes data to memory starting at address XXh. 

Copy Data 48h, XXh Copies shadow RAM data to EEPROM block containing address XXh. 

Recall Data B8h, XXh Recalls EEPROM block containing address XXh to RAM. 

Lock 6Ah, XXh Permanently locks the block of EEPROM containing address XXh. 

Reset BBh Resets DS2775/DS2776 (software POR). 

COMMAND
ISSUE MEMORY ADDRESS

(BITS)
ISSUE 00h BEFORE READ READ/WRITE TIME SLOTS 

Write Challenge — — Write: 64 

Compute MAC — Yes Read: Up to 160 

Compute Next Secret — — — 

Clear/Lock Secret, Set/Clear — — — 

Read Data 8 — Read: Up to 2048 

Write Data 8 — Write: Up to 2048 

Copy Data 8 — — 

Recall Data 8 — — 

Lock 8 — — 

Reset — — — 
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1-Wire
RESET

SKIP-ROM
COMMAND

UP TO 160 READ TIME SLOTS
(READ 20-BYTE MAC)

PRESENCE
PULSE

COMPUTE
MAC COMMAND

8 WRITE-ZERO
TIME SLOTS

WAIT FOR MAC
COMPUTATION

tSHA

1-Wire
RESET

SKIP-ROM
COMMAND

PRESENCE
PULSE

COMPUTE
NEXT SECRET COMMAND

WAIT FOR MAC
COMPUTATION

WAIT FOR EEPROM
PROGRAMMING

tSHA tEEC

1-Wire
RESET

SKIP-ROM
COMMAND

COPY DATA
COMMAND

8 WRITE
TIME SLOTS

PRESENCE
PULSE

WAIT FOR EEPROM
PROGRAMMING

tEEC
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1-Wire
RESET

SKIP-ROM
COMMAND

CLEAR/LOCK
SECRET COMMAND

OR SET/CLEAR
OVERDRIVE COMMAND

PRESENCE
PULSE

WAIT FOR EEPROM
COPY TIME

tEEC

RESISTOR PULLUP

BUS MASTER ACTIVE LOW

LINE TYPE LEGEND:

DQ

DS2775/DS2776 ACTIVE LOW

PK+

PK-

tRSTL tRSTH

tPDLtPDH
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μ

μ

μ
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RESISTOR PULLUP

BUS MASTER ACTIVE LOW

LINE TYPE LEGEND:

SLAVE ACTIVE LOW

BOTH BUS MASTER AND
SLAVE ACTIVE LOW

tSLOT

tLOW0

tREC

tREC

tLOW1

> 1μs

> 1μs

tSLOTtSLOT

tRDV tRDV

30μs15μs

3μs2μs

15μs

2μs

15μs

2μs

1μs

tSLOT

VPULLUP

WRITE-ZERO SLOT WRITE-ONE SLOT

READ-ZERO SLOT READ-ONE SLOT

GND

VPULLUP

GND

MASTER SAMPLE WINDOW MASTER SAMPLE WINDOW

MODE:

STANDARD

MODE:

OVERDRIVE

STANDARD

OVERDRIVE

DEVICE SAMPLE WINDOW
MIN TYP MAX

DEVICE SAMPLE WINDOW
MIN TYP MAX

15μs 30μs15μs

3μs2μs 1μs

15μs
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W

W

W W
W

W

S SAddr W A MAddr A Data0 A P

W

Read: S SAddr W A MAddr A Sr  SAddr R A Data0 N P

Write Portion Read Portion

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

A6 A5 A4 A3 A2 A1 A0 X 
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KEY DESCRIPTION KEY DESCRIPTION 

S START Bit Sr Repeated START 

SAddr Slave Address (7-bit) W R/W Bit = 0 

FCmd Function Command Byte R R/W Bit = 1 

MAddr Memory Address Byte P STOP bit 

Data Data Byte Written by Master Data Data Byte Returned by Slave 

A Acknowledge Bit (Master) A Acknowledge Bit (Slave) 

N Not Acknowledge (Master) N Not Acknowledge (Slave) 

S SAddr W A MAddr A Data0 A Data1 A … DataN A P

S SAddr W A MAddr A Sr SAddr R A Data0 A Data1 A
… DataN N P

S SAddr W A MAddr = 0FEh A FCmd A P



FUNCTION 
COMMAND

TARGET 
EEPROM 
BLOCK

FCmd 
VALUE

DESCRIPTION 

0 42h 

Copy Data 

1 44h 

This command copies the shadow RAM to the target EEPROM block. Copy data 
commands that target locked blocks are ignored. While the Copy Data command is 
executing, the EEC bit in the EEPROM register is set to 1, and write data commands 
with MAddr set to any address within the target block are ignored. Read data and 
write data commands with MAddr set outside the target block are processed while 
the copy is in progress. The Copy Data command execution time, tEEC, is 2ms 
typical and starts after the FCmd byte is acknowledged. Subsequent copy or lock 
commands must be delayed until the EEPROM programming cycle completes. 

0 B2h 
Recall Data 

1 B4h 
This command recalls the contents of the targeted EEPROM block to its shadow 
RAM. 

0 63h 

Lock 

1 66h 

This command locks (write protects) the targeted EEPROM block. The LOCK bit in 
the EEPROM register must be set to 1 before the Lock command is executed. If the 
LOCK bit is 0, the Lock command has no effect. The Lock command is permanent; 
a locked block can never be written again. The Lock command execution time, 
tEEC, is 2ms typical and starts after the FCmd byte is acknowledged. Subsequent 
copy or lock commands must be delayed until the EEPROM programming cycle 
completes. 

Read ROM 
ID

— 39h 
This command initiates a read of the unique 64-bit ROM ID. After the Read ROM ID 
command is sent, the ROM ID can be read with the following sequence: 
S SAddr R Data0 A Data1 A ... Data7 N P 

PART INTERFACE SHA-1

DS2775G+ 1-Wire No 

DS2775G+T&R 1-Wire No 

DS2776G+ 1-Wire Yes 

DS2776G+T&R 1-Wire Yes 

DS2777G+ 2-Wire No 

DS2777G+T&R 2-Wire No 

DS2778G+ 2-Wire Yes 

DS2778G+T&R 2-Wire Yes 

14 TDFN T1435N+1 21-0253

china.maxim-ic.
com/packages
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http://china.maxim-ic.com/packages
http://china.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0253.PDF
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