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Ultra Low Power 128K, LCD MCU Family

Ultra Low Power Consumption at 3.6 V

- 130 pA/MHz Low-Power Active mode with dc-dc
enabled

- 120 nA sleep current w/ data retention; POR monitor
enabled

- 450 nA sleep mode with SmaRTClock
(internal LFO)

- 600 nA sleep mode with SmaRTClock (ext. crystal)

- 2 s wakeup time; 1.5 pA analog settling time

12 Bit; 16 Ch. Analog-to-Digital Converter
Up to 75 ksps (12-bit mode) or 300 ksps
(10-bit mode)

- External pin or internal VREF (no ext cap required)

- On-chip voltage reference; 0.5x gain allows measur-
ing voltages up to twice the reference voltage

- Autonomous burst mode with 16-bit auto-averaging
accumulator

- Integrated temperature sensor

Two Low Current Comparators

- Programmable hysteresis and response time

- Configurable as wake-up or reset source

Internal 6-Bit Current Reference

- Up to £500 pPA,; source and sink capability

- Enhanced resolution via PWM interpolation

Integrated LCD Controller

- Supports up to 128 segments (32x4)

- LCD controller consumes only 400 nA for
32-segment static display

- Integrated charge pump for contrast control

Meterlng Specific Peripherals
DC-DC buck converter allows dynamic voltage
scaling for maximum efficiency (250 mW output)

- Sleep-mode pulse accumulator with programmable
switch, de-bounce and pull-up control; interfaces
directly to metering sensor

- Data Packet Processing Engine (DPPE) includes
hardware AES, DMA, CRC and encoding blocks for
acceleration of wireless protocols

High-Speed 8051 uC Core

- Pipelined instruction architecture; executes 70% of
instructions in 1 or 2 system clocks

Memory

- Upto 128 kB Flash; In-system programmable; Full
read/write/erase functionality over supply range

- Upto 8 kB internal data RAM

Dlgltal Peripherals
57 or 34 port I/O; All 5 V tolerant with high sink
current and programmable drive strength

- Hardware SMBus™ (I12C™ Compatible), 2 x SPI™,
and UART serial ports available concurrently

- Four general purpose 16-bit counter/timers

- Programmable 16-bit counter/timer array with six
capture/compare modules and watchdog timer

Clock Sources

- Precision Internal oscillator: 24.5 MHz, 2% accuracy
supports UART operation; spread-spectrum mode
for reduced EMI

- Low power internal oscillator: 20 MHz

- External oscillator: Crystal, RC, C, or CMOS Clock

- SmaRTClock oscillator: 32 kHz Crystal or 16.4 kHz
internal LFO

On-Chip Debug

- On-chip debug circuitry facilitates full-speed, non-
intrusive in-system debug (no emulator required)

- Provides 4 breakpoints, single stepping

Packages

- 76-pin DQFN (6 x 6 mm)

- 40-pin QFN (6 x 6 mm)

- 80-pin TQFP (12 x 12 mm)

Temperature Range: —40 to +85 °C
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1. System Overview

CB8051F96x devices are fully integrated mixed-signal system-on-a-chip MCUs. Highlighted features are
listed below. Refer to Table 2.1 for specific product feature selection and part ordering numbers.

Power efficient on-chip dc-dc buck converter
High-speed pipelined 8051-compatible microcontroller core (up to 25 MIPS)
In-system, full-speed, non-intrusive debug interface (on-chip)

True 10-bit 300 ksps, or 12-bit 75 ksps single-ended ADC with 16 external analog inputs and 4 internal
inputs such as various power supply voltages and the temperature sensor

6-bit programmable current reference

Precision programmable 24.5 MHz internal oscillator with spread spectrum technology
128, 64, 32, or 16 kB of on-chip flash memory

8448 or 4352 bytes of on-chip RAM

Up to 128 segment LCD driver

SMBus/IC, enhanced UART, and two enhanced SPI serial interfaces implemented in hardware
Four general-purpose 16-bit timers

Programmable counter/timer array (PCA) with six capture/compare modules and watchdog timer
function

Hardware AES, DMA, and pulse counter
On-chip power-on reset, Vpp monitor, and temperature sensor

Two on-chip voltage comparators

57 or 34 Port /1O

With on-chip power-on reset, Vpp monitor, watchdog timer, and clock oscillator, the C8051F96x devices
are truly standalone system-on-a-chip solutions. The flash memory can be reprogrammed even in-circuit,
providing non-volatile data storage, and also allowing field upgrades of the 8051 firmware. User software
has complete control of all peripherals, and may individually shut down any or all peripherals for power
savings.

The on-chip Silicon Labs 2-Wire (C2) Development Interface allows non-intrusive (uses no on-chip
resources), full speed, in-circuit debugging using the production MCU installed in the final application. This
debug logic supports inspection and modification of memory and registers, setting breakpoints, single
stepping, run and halt commands. All analog and digital peripherals are fully functional while debugging
using C2. The two C2 interface pins can be shared with user functions, allowing in-system debugging with-
out occupying package pins.

Each device is specified for 1.8 to 3.8 V operation over the industrial temperature range (—40 to +85 °C).
The Port I/O and RST pins are tolerant of input signals up to VIO + 2.0 V. The C8051F960/2/4/6/8 are
available in a 76-pin DQFN package and an 80-pin TQFP package. The C8051F961/3/5/7/9 are available
in a 40-pin QFN package. All package options are lead-free and RoHS compliant. See Table 2.1 for order-
ing information. Block diagrams are included in Figure 1.1 through Figure 1.16.
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,ml CIP-51 8051 | Port /O Configuration —— e
P0.0/VREF
Controller Core — -
ReseyPMU Digital Peripherals ™ P0.1/AGND
Wake 128Kk Byte ISP Flash | PO.2/XTALL
Program Memor UART
Reset 9 Yy Port 0 | P0.3/XTAL2
— [ Timers 0, Drivers S PO.4/ITX
c2CK/R5T|zJ—> Debug / 256 Byte SRAM 123 [ X PO.5/RX
Programming N Priority S P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar S P0.7/IREFO
Decoder v
con wDT < P1.0/PCO
(e Jor Pl
Y R | P1.2/XTAL3
SPIO1 Je> || Port1 < P1.3/XTAL4
g Drivers D] P1.4
igi AES | Crossbar Control | 5] P15
Engine D] P1.6
| LCD (up to 4x32) b . X P17
VBATDC XH Dbcipc svseL SFR X P2.0
IND X “Buck” Bus | EMIF I" M P2.1
Converter — D] P2.2
Precision | Pulse Counter |—> Port 2 X P2.3
GNDDC |Z—<L 245MHz | - DO X P2.4
Oscillator Drivers 2 P2.5
s Low Power || Analog Peripherals X P2.6
VLCD [X] Pump 20 MHz > Xl p2.7
Oscillator .
I Internal ~ External P3-6 f
XTAL1 —»| External e ——>0| oe—— Drivers 7 X P3.0..P6.7
Oscillator a
XTAL2 —>  Circuit P7 7
Driver FX-P7.0/C2D
XTAL3 —» Enhanced
GND Xj smaRTClock [ X vio
XTAL4 —T*| Oscillator X VIORF
CPO, CPOA domi
System Clock CPL CPIA <
Configuration QF parators

Figure 1.1. C8051F960 Block Diagram

Power On CIP-51 8051 N Port /O Configuration —— —
Reset/PMU )

Controller Core — - =
Digital Peripherals ] P0.1/AGND
Wake 128k Byte ISP Flash UART <] P0.2/XTAL1
Reset Program Memory L_UART | Port 0 5 PO.3/XTAL2
—_— [ Timers 0, Drivers <] P0.4/TX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,23 o X PO.5/RX
Programming N Priority ] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar X PO.7/IREFO
I: WDT Decoder v 5] P1.0/PCO
c2D X
WA [CSvews Jer K pLaect
VBAT CRC <] P1.2/XTAL3
VAT B Engine SPIO.T Je> || Port1 I P1.3/XTAL4
9 Drivers D P1.4
AES [ Crossbar Control | 5 P15
vDC [X] Engine X P1.6
| LCD (up to 4x32) |-> X P1.7
v
VvBATDC XH  bcipc SFR 1 P2.0
IND X4 “Buck” S Bus | EMIF |" X P2.1
Converter — ] P2.2
Precision | Pulse Counter |-> Port 2 < P2.3
GNDDC [X 24.5MHz | || Po S Poa
Oscillator Drivers 2 P2.5
Low Power L,| Analog Peripherals Xl P2.6
vLeD X 20 MHz | X p2.7
Oscillator a
I Internal  External ¢
XTAL1L —»| External —N\qN— /X P3.0..P4.0
Oscillator || T VREF VREF VDD .
XTALZ = Circut 12-bit f+<-p7.0/C2D
75ksps
GND X XTAL3 —»| Enhanced ADC
smaRTClock —>|
XTAL4 — T Oscillator
CPO, CPOA domi
System Clock CPL CPIA
Configuration C:E_g__l'o parators
Figure 1.2. C8051F961 Block Diagram
®
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,ml CIP-51 8051 | Port /O Configuration —— e
P0.0/VREF
Controller Core — -
ReseyPMU Digital Peripherals ™ P0.1/AGND
Wake 128k Byte ISP Flash ] P0.2/XTALL
Program Memor UART
Reset 9 Yy Port 0 | P0.3/XTAL2
— [ Timers 0, Drivers S PO.4/ITX
c2CK/R5T|zJ—> Debug / 256 Byte SRAM n23 [ X PO.5/RX
Programming N Priority S P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar S P0.7/IREFO
WDT Decoder v
. ] P1.0/PCO
L.-<-_ [SMBus | P1.1/PC1
CHA SWBus % P1.2/XTAL3
VBAT CRC
Engine SPIO1 Je> || Port1 < P1.3/XTAL4
g Drivers D] P1.4
igi AES | Crossbar Control | 5] P15
Engine X P1.6
. X pL7
VBATDC XH Dbcipc svseL SFR X P2.0
IND X “Buck” Bus | EMIF I" M P2.1
Converter — D] P2.2
Precision | Pulse Counter |—> Port 2 X P2.3
GNDDC |Z—<L 245MHz | - DO X P2.4
Oscillator Drivers :
X P25
Low Power L,  Analog Peripherals X P2.6
20 MHz | Xl P2.7
Oscillator .
I Internal ~ External P3-6 f
XTAL1 —»| External e ——>0| oe—— Drivers 7 X P3.0..P6.7
Oscillator a
XTAL2 —>  Circuit P7 7
Driver FX-P7.0/C2D
XTAL3 —» Enhanced
GND Xj smaRTClock [ X vio
XTAL4 —T* Oscillator 5 VIORF
CPO, CPOA domi
System Clock CPL CPIA <
Configuration QF parators

Figure 1.3. C8051F962 Block Diagram

,ml CIP-51 8051 N Port /O Configuration —— - /
Controller Core — - P0.0/VREF
Reset/PMU Digital Peripherals B PO.1/AGND
128Kk Byte ISP Flash
ok Psm yle |SP Flas UART |« I PO.2/XTALL
Reset gram Memory Port 0 B PO.3/XTAL2
—_— [ Timers 0, Drivers <] P0.4/TX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,23 o X PO.5/RX
Programming N Priority ] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar X PO.7/IREFO
I: WDT Decoder v 5] P1.0/PCO
c2p X
DA (5B Jos X piiect
VBAT CRC <] P1.2/XTAL3
VAT B Engine SPIO.T Je> || Port1 I P1.3/XTAL4
9 Drivers D P1.4
voe & AES [ Crossbar Control | 5 P15
Engine D] P1.6
SER . X P1.7
VBATDC X~ pc/pc ] P2.0
IND X4 “Buck” S Bus | EMIF |" X P2.1
Converter — X P2.2
Precision | Pulse Counter |-> Port 2 < P2.3
GNDDC |Z—<L 245 MHz |—> | ,| Po = od
Oscillator Drivers -
] P2.5
Low Power L,| Analog Peripherals Xl P2.6
20 MHz X P2.7
Oscillator a
I Internal  External ¢
XTAL1L —»| External —N\q /X P3.0..P4.0
Oscillator || T VREF VREF VDD .
XTALZ —>|  Circuit 12-bit /><-p7.0/C2D
75ksps
GND X XTAL3 —»| Enhanced ADcp
smaRTClock —>|
XTAL4 — T Oscillator
CPO, CPOA domi
System Clock CPL CPIA
Configuration C:E_g__l'o parators
Figure 1.4. C8051F963 Block Diagram
®
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,ml CIP-51 8051 | Port /O Configuration —— e
P0.0/VREF
Controller Core — -
ReseyPMU Digital Peripherals ™ P0.1/AGND
64k Byte ISP Flash
e Pro |¥am Memor UART pJ PO-2/XTALL
Reset 9 Yy Port 0 | P0.3/XTAL2
— [ Timers 0, Drivers S PO.4/ITX
c2CK/R5T|zJ—> Debug / 256 Byte SRAM n23 [ X PO.5/RX
Programming N Priority S P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar S P0.7/IREFO
Decoder v
con wbT < P1.0/PCO
(s Jo R e
Y CRG N P1.2/XTAL3
SPIO1 Je> | | Port1 <] P1.3/XTAL4
g Drivers D] P1.4
igi AES | Crossbar Control | < P15
Engine X P1.6
| LCD (up to 4x32) b . X P17
VBATDC XH Dbcipc svseL SFR X P2.0
IND X “Buck” Bus | EMIF I" M P2.1
Converter — D] P2.2
Precision | Pulse Counter |—> Port 2 X P2.3
GNDDC |Z—<L 245MHz | - DO X P2.4
Oscillator Drivers 2 P2.5
s Low Power || Analog Peripherals X P2.6
VLCD [X] Pump 20 MHz > Xl p2.7
Oscillator .
I Internal ~ External P3-6 f
XTAL1 —»| External e ——>0| oe—— Drivers 7 X P3.0..P6.7
Oscillator a
XTAL2 —>  Circuit P7 7
Driver FX-P7.0/C2D
XTAL3 —» Enhanced
GND Xj smaRTClock [ X vio
XTAL4 —T*| Oscillator X VIORF
CPO, CPOA domi
System Clock CPL CPIA <
Configuration QF parators

Figure 1.5. C8051F964 Block Diagram

Bower On CIP-51 8051 N Port I/0 Configuration —— —
Reset/PMU )

Controller Core — " X
Digital Peripherals ] P0.1/AGND
Wake 64k Byte ISP Flash UART N P0.2/XTALL
Reset Program Memory L_UART | Port 0 5 PO.3/XTAL2
[ Timers 0, Drivers X PO.4/TX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,23 o X PO.5/RX
Programming N Priority ] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar X PO.7/IREFO
I:CZD WDT Decoder v 5] P1.0/PCO
DMA [(SwBus J«l X PLipe
T RO [ SMBus | <] P1.2/XTAL3
VBAT [X Ergine SPI01 e || Port1 X P1.3/IXTAL4
9! Drivers D P1.4
AES [ Crossbar Control | X P1.5
vbe [X Engine X P1.6
| LCD (up to 4x32) |-> < PL.7
v
VvBATDC XH  bcipc SFR 1 P2.0
IND X4 “Buck” S Bus | EMIF |" X P2.1
Converter — D] P2.2
Precision | Pulse Counter |-> Port 2 ] P2.3
GNDDC [X] 245MHz | > Do X P2.4
Oscillator Drivers = P2.5
Low Power N Analog Peripherals Xl P2.6
vLeD X 20 MHz | X p2.7
Oscillator a
I Internal  External ¢
XTAL1L —»| External —N\qN— /X P3.0..P4.0
Oscillator > T VREF } VREF VDD .
XTALZ = circuit 12-bit >X-p7.0/C2D
75ksps
GND [X XTAL3 —»| Enhanced ADC
smaRTClock —>|
XTAL4 —T”| Oscillator
CPO, CPOA domi
System Clock Cp:LCplA jé 1
Configuration Comparators
Figure 1.6. C8051F965 Block Diagram
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,ml CIP-51 8051 | Port /O Configuration —— e
P0.0/VREF
Controller Core — -
ReseyPMU Digital Peripherals ™ P0.1/AGND
32k Byte ISP Flash
e Pro |¥am Memor UART pJ PO-2/XTALL
Reset 9 Yy Port 0 | P0.3/XTAL2
— [ Timers 0, Drivers S PO.4/ITX
c2CK/R5T|zJ—> Debug / 256 Byte SRAM n23 [ X PO.5/RX
Programming N Priority S P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar S P0.7/IREFO
Decoder v
con wbT < P1.0/PCO
(s Jo R e
Y CRG N P1.2/XTAL3
SPIO1 Je> | | Port1 <] P1.3/XTAL4
g Drivers D] P1.4
igi AES | Crossbar Control | < P15
Engine X P1.6
| LCD (up to 4x32) b . X P17
VBATDC XH Dbcipc svseL SFR X P2.0
IND X “Buck” Bus | EMIF I" M P2.1
Converter — D] P2.2
Precision | Pulse Counter |—> Port 2 X P2.3
GNDDC |Z—<L 245MHz | - DO X P2.4
Oscillator Drivers 2 P2.5
s Low Power || Analog Peripherals X P2.6
VLCD [X] Pump 20 MHz > Xl p2.7
Oscillator .
I Internal ~ External P3-6 f
XTAL1 —»| External e ——>0| oe—— Drivers 7 X P3.0..P6.7
Oscillator a
XTAL2 —>  Circuit P7 7
Driver FX-P7.0/C2D
XTAL3 —» Enhanced
GND Xj smaRTClock [ X vio
XTAL4 —T*| Oscillator X VIORF
CPO, CPOA domi
System Clock CPL CPIA <
Configuration QF parators

Figure 1.7. C8051F966 Block Diagram

Power On CIP-51 8051 N Port /O Configuration —— —
Reset/PMU )

Controller Core — - =
Digital Peripherals ] P0.1/AGND
Wake 32k Byte ISP Flash UART S PO.2/XTALL
Reset Program Memory L_UART | Port 0 5 PO.3/XTAL2
—_— [ Timers 0, Drivers <] P0.4/TX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,23 o X PO.5/RX
Programming N Priority ] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar X PO.7/IREFO
Decoder v
- wDT | P1.0/PCO
WA [CSvews Jer K pLaect
VBAT CRC <] P1.2/XTAL3
VBAT [X Ergine SPI01 e || Port1 X P1.3/IXTAL4
9l Drivers D P1.4
voe & AES [ Crossbar Control | 5 P15
Engine D] P1.6
| LCD (up to 4x32) |-> X P1.7
v
VvBATDC XH  bcipc SFR 1 P2.0
IND X4 “Buck” S Bus | EMIF |" X P2.1
Converter — ] P2.2
Precision | Pulse Counter |-> Port 2 < P2.3
GNDDC [X] 245MHz | L Port X P2.4
Oscillator Drivers 2 P2.5
Low Power L,| Analog Peripherals Xl P2.6
vLeD X 20 MHz | X p2.7
Oscillator a
I Internal  External ¢
XTAL1L —»| External —N\qN— /X P3.0..P4.0
Oscillator || T VREF VREF VDD .
XTAL2 —»] ircui -
Circut 12-bit f+<-p7.0/C2D
75ksps
GND X XTAL3 —»| Enhanced ADC
smaRTClock —>|
XTAL4 — T Oscillator
CPO, CPOA domi
System Clock CPL CPIA
Configuration C:E_g__l'o parators
Figure 1.8. C8051F967 Block Diagram
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,ml CIP-51 8051 | Port /O Configuration —— e
P0.0/VREF
Controller Core — -
ReseyPMU Digital Peripherals ™ P0.1/AGND
16k Byte ISP Flash
e Pro |¥am Memor UART pJ PO-2/XTALL
Reset 9 Yy Port 0 | P0.3/XTAL2
— [ Timers 0, Drivers S PO.4/ITX
c2CK/R5T|zJ—> Debug / 256 Byte SRAM n23 [ X PO.5/RX
Programming N Priority S P0.6/CNVSTR
Hardware 4096 Byte XRAM PCA/ Crossbar S P0.7/IREFO
Decoder v
con wbT < P1.0/PCO
(s Jo R e
Y CRG N P1.2/XTAL3
SPIO1 Je> | | Port1 <] P1.3/XTAL4
g Drivers D] P1.4
igi AES | Crossbar Control | < P15
Engine X P1.6
| LCD (up to 4x32) b . X P17
VBATDC XH Dbcipc svseL SFR X P2.0
IND X “Buck” Bus | EMIF I" M P2.1
Converter — D] P2.2
Precision | Pulse Counter |—> Port 2 X P2.3
GNDDC |Z—<L 245MHz | - DO X P2.4
Oscillator Drivers 2 P2.5
s Low Power || Analog Peripherals X P2.6
VLCD [X] Pump 20 MHz > Xl p2.7
Oscillator .
I Internal ~ External P3-6 f
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Figure 1.9. C8051F968 Block Diagram
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1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F96x family utilizes Silicon Labs' proprietary CIP-51 microcontroller core. The CIP-51 is fully
compatible with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used
to develop software. The CIP-51 core offers all the peripherals included with a standard 8052.

1.1.2. Improved Throughput

The CIP-51 employs a pipelined architecture that greatly increases its instruction throughput over the stan-
dard 8051 architecture. In a standard 8051, all instructions except for MUL and DIV take 12 or 24 system
clock cycles to execute with a maximum system clock of 12—-24 MHz. By contrast, the CIP-51 core exe-
cutes 70% of its instructions in one or two system clock cycles, with only four instructions taking more than
four system clock cycles.

The CIP-51 has a total of 109 instructions. The table below shows the total number of instructions that
require each execution time.

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8

Number of Instructions 26 50 5 14 7 3 1 2 1

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS.

1.1.3. Additional Features

The C8051F96x SoC family includes several key enhancements to the CIP-51 core and peripherals to
improve performance and ease of use in end applications.

The extended interrupt handler provides multiple interrupt sources into the CIP-51 allowing numerous ana-
log and digital peripherals to interrupt the controller. An interrupt driven system requires less intervention
by the MCU, giving it more effective throughput. The extra interrupt sources are very useful when building
multi-tasking, real-time systems.

Eight reset sources are available: power-on reset circuitry (POR), an on-chip Vpp monitor (forces reset

when power supply voltage drops below safe levels), a watchdog timer (WDT), a missing clock detector,
SmaRTClock oscillator fail or alarm, a voltage level detection from Comparator0, a forced software reset,
an external reset pin, and an illegal flash access protection circuit. Each reset source except for the POR,
reset input pin, or flash error may be disabled by the user in software. The WDT may be permanently dis-
abled in software after a power-on reset during MCU initialization.

The internal oscillator factory calibrated to 24.5 MHz and is accurate to +2% over the full temperature and
supply range. The internal oscillator period can also be adjusted by user firmware. An additional 20 MHz
low power oscillator is also available which facilitates low-power operation. An external oscillator drive cir-
cuit is included, allowing an external crystal, ceramic resonator, capacitor, RC, or CMOS clock source to
generate the system clock. If desired, the system clock source may be switched on-the-fly between both
internal and external oscillator circuits. An external oscillator can also be extremely useful in low power
applications, allowing the MCU to run from a slow (power saving) source, while periodically switching to
the fast (up to 25 MHz) internal oscillator as needed.
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1.2. Port Input/Output

Digital and analog resources are available through 57 I/O pins (C8051F960/2/4/6/8) or 34 1/O pins
(C8051F961/3/5/7/9). Port pins are organized as eight byte-wide ports. Port pins can be defined as digital
or analog I/O. Digital 1/0 pins can be assigned to one of the internal digital resources or used as general
purpose I/0O (GPIO). Analog I/O pins are used by the internal analog resources. P7.0 can be used as GPIO
and is shared with the C2 Interface Data signal (C2D). See Section “34. C2 Interface” on page 486 for
more details.

The designer has complete control over which digital and analog functions are assigned to individual port
pins. This resource assignment flexibility is achieved through the use of a Priority Crossbar Decoder. See
Section “27. Port Input/Output” on page 351 for more information on the Crossbar.

For Port I/Os configured as push-pull outputs, current is sourced from the VIO, VIORF, or VBAT supply pin.
Port 1/0Os used for analog functions can operate up to the supply voltage. See Section “27. Port Input/Out-
put” on page 351 for more information on Port 1/O operating modes and the electrical specifications chap-
ter for detailed electrical specifications.

Port Match XBRO, XBR1,
POMASK, POMAT XBR2, PnSKIP Pnhﬂpng,iUiTs'ters Exltze;ga;rﬂtg(ulpts
P1MASK, PIMAT Registers 9
A\ 4
— s PO
Priority ‘+._> 110
Decoder Cells
. 2,
Highest UART | ~ > |
Priority P1
SPIO | 4, _ #._» 110
spir [~ 7 d Cells
0 2 I
< < L >
c SMBus [¢— >
=) P2.0
%) 8 IF/’; ° x
s Digital [€ > .
£ CPO .
2 cP1 /4/ »| Crossbar Cells DJ p27
© Outputs |
g P3 P3.0
£ SYSCLK . ‘I‘*' <+.—>8 110 .
e 1 .
on 7, Cells P3.7
-7 - I P4.0
P4 . :
2 8
boy || TO T [~ A o :
| tg P47
8 — . . P5 . P5.0
PO +’ i <+‘—> I/0 .
L ]
Cells P5.7
g : |
g . 8 s PG S P6.0
z —<9—>| 10 o
P6.0-P6.7 o
g P6 | ( ) Cells P6.7
MR ==
P71 70 < > P7 | B rro
fe——— -
............... - To Analog Peripherals
(ADCO, CPO, and CP1 inputs, —T> Lcb
[o}
VREF, IREF0, AGND) To EMIF
Figure 1.11. Port I/O Functional Block Diagram
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1.3. Serial Ports

The C8051F96x Family includes an SMBus/I2C interface, a full-duplex UART with enhanced baud rate
configuration, and two Enhanced SPI interfaces. Each of the serial buses is fully implemented in hardware
and makes extensive use of the CIP-51's interrupts, thus requiring very little CPU intervention.

1.4. Programmable Counter Array

An on-chip Programmable Counter/Timer Array (PCA) is included in addition to the four 16-bit general pur-
pose counter/timers. The PCA consists of a dedicated 16-bit counter/timer time base with six programma-
ble capture/compare modules. The PCA clock is derived from one of six sources: the system clock divided
by 12, the system clock divided by 4, Timer 0 overflows, an External Clock Input (ECI), the system clock, or
the external oscillator clock source divided by 8.

Each capture/compare module can be configured to operate in a variety of modes: edge-triggered capture,
software timer, high-speed output, pulse width modulator (8, 9, 10, 11, or 16-bit), or frequency output. Addi-
tionally, Capture/Compare Module 5 offers watchdog timer (WDT) capabilities. Following a system reset,
Module 5 is configured and enabled in WDT mode. The PCA Capture/Compare Module 1/0O and External
Clock Input may be routed to Port 1/O via the Digital Crossbar.

SYSCLK/12
SYSCLK/4
Timer0 Overflow | PCA ] ]
———————>| cLock [ 16 -Bit CounterTimer
ECI | Mux
SYSCLK

External Clock/8
—)

Capture/ Compare Capture/ Compare Capture/ Compare Capture/ Compare Capture/ Compare| Capture/ Compare

Module 0 Module 1 Module2 Module 3 Module4 Module5 / WDT
A A A A A A
m @] @] @] @] @] @]
0 m m m m m m
= x > X x = x
o = N w e ol
Y Y A 4 Y
Crossbar
:’"“"‘ TTTTTTTh
! Port VO |

Figure 1.12. PCA Block Diagram

Rev. 1.0 30

SILICON LABS



C8051F96x

1.5. SAR ADC with 16-bit Auto-Averaging Accumulator and Autonomous Low
Power Burst Mode

The ADCO on C8051F96x devices is a 300 ksps, 10-bit or 75 ksps, 12-bit successive-approximation-regis-
ter (SAR) ADC with integrated track-and-hold and programmable window detector. ADCO also has an
autonomous low power Burst Mode which can automatically enable ADCO, capture and accumulate sam-
ples, then place ADCO in a low power shutdown mode without CPU intervention. It also has a 16-bit accu-
mulator that can automatically oversample and average the ADC results. See Section “5.4. 12-Bit Mode”
on page 84 for more details on using the ADC in 12-bit mode.

The ADC is fully configurable under software control via Special Function Registers. The ADCO operates in
single-ended mode and may be configured to measure various different signals using the analog multi-
plexer described in Section “5.7. ADCO Analog Multiplexer” on page 95. The voltage reference for the ADC
is selected as described in Section “5.9. Voltage and Ground Reference Options” on page 100.

ADCOCN

%
f

ADOEN
—BURSTEN

» ADOINT
» ADOBUSY

VDD

- ADOBUSY (W)

Y.V
Start .
—— Timer 0 Overflow

ADCOTK Conversion

Burst Mode Logic

000
001
,—l 010 Timer 2 Overflow
ADCIRWIR 011 —— Timer 3 Overflow
100 |

=3

—— CNVSTR Input

N 10/12-Bit
From ! AIN+ SAR —'_>

16-Bit Accumulator

>
O
O
4
| ADCOHi|| ADCOL |

7 S
a ADOWINT
|
e Window
Compare
I I 32 Logic
[ADCOLTH || ADCOLTL |

Sl

| |
ADCOCF |ADCOGTH||ADCOGTL |

ADOTM
AVIPOGN

Figure 1.13. ADCO Functional Block Diagram
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Digital Supply————
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< /
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Figure 1.14. ADCO Multiplexer Block Diagram

1.6. Programmable Current Reference (IREFO0)

C8051F96x devices include an on-chip programmable current reference (source or sink) with two output
current settings: low power mode and high current mode. The maximum current output in low power mode
is 63 YA (1 pA steps) and the maximum current output in high current mode is 504 pA (8 PA steps).

1.7. Comparators

C8051F96x devices include two on-chip programmable voltage comparators: Comparator O (CPTO) which
is shown in Figure 1.15; Comparator 1 (CPT1) which is shown in Figure 1.16. The two comparators oper-
ate identically but may differ in their ability to be used as reset or wake-up sources. See Section “22. Reset
Sources” on page 278 and the Section “19. Power Management” on page 257 for details on reset sources
and low power mode wake-up sources, respectively.

The Comparator offers programmable response time and hysteresis, an analog input multiplexer, and two
outputs that are optionally available at the Port pins: a synchronous “latched” output (CPO, CP1), or an
asynchronous “raw” output (CPOA, CP1A). The asynchronous CPOA signal is available even when the
system clock is not active. This allows the Comparator to operate and generate an output when the device
is in some low power modes.

The comparator inputs may be connected to Port I/O pins or to other internal signals. Port pins may also be
used to directly sense capacitive touch switches. See Application Note AN338 for details on Capacitive
Touch Switch sensing.
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CPOEN
CPOOUT N
—>| CPORIF VDD
Q[ cPoFIF
£ | cPoHYP1
o e — | tCPO t
CPOHYNL nterrup
CPOHYNO :| SFTOND
Analog Input Multiplexer
r~=—=—=—==—==—=—- 1 309 olo
I I ol 33 CPO CPO
| P IZ : sls 112 Rising-edge Falling-edge
| ol
| o) I
: : CPO + Lli rl——ﬂ_ interrapt™ 1
Logic
I —>L _ Logic__
I Pxx P | [————- cPO
I L CPO
I l D= Q D Q ‘I I
| : i |
I el el I
| Pxx &—> | S | Crossbar |
| | (SYNCHRONIZER) I I
O | - J
I CPO > |
| g I I_ v ES:NCHRONOUS) : II CPOA’
I Reset , @ e —m———
I pxx z|_> ! | Decision
| : Tree JI
| _ Iree_
C e e ]
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2. Ordering Information

Table 2.1. Product Selection Guide
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C8051F960-B-GM | 25128 |8448|57| v |128 | v |1 |1 | 2|4 |6 | 16 | 2 | DQFN-76 (6x6)
C8051F960-B-GQ |25 (128 (8448 |57| v |128 | v | 1|1 |2 |4 |6 | 16 | 2 | TQFP80(12x12)
C8051F961-B-GM | 25128 |8448|34| v | 36 | v |1 |1 |2 |4 |6 | 16 |2 QFN-40 (6x6)
C8051F962-B-GM | 25128 8448 |57| v | — | v |1 |1 | 2|4 |6 | 16 | 2 | DQFN-76 (6x6)
C8051F962-B-GQ |25|128(8448|57| v | — | v | 1|1 |2 |4 |6 | 16 | 2 | TQFP80(12x12)
C8051F963-B-GM | 25128 |8448|34| v | — | v |1 |1 |2 |4 |6 | 16 |2 QFN-40 (6x6)
C8051F964-B-GM | 25| 64 |8448|57| v |128 | v |1 |1 |2 |4 |6 | 16 | 2 | DQFN-76 (6x6)
C8051F964-B-GQ |25 | 64 [8448|57| v |128| v |1 |1 |2 |4 |6 | 16 | 2 | TQFP80(12x12)
C8051F965-B-GM | 25| 64 |8448|34| v | 36 | v |1 |1 |2 |4 |6 ]| 16 |2 QFN-40 (6x6)
C8051F966-B-GM | 25| 32 |8448|57| v |128 | v |1 |1 | 2|4 |6 | 16 | 2 | DQFN-76 (6x6)
C8051F966-B-GQ |25 | 32 (8448 |57| v |128| v |1 |1 |2 |4 |6 | 16 | 2 | TQFP80(12x12)
C8051F967-B-GM |25| 32 |8448|34| v | 36 | v |1 |1 |2 |4 |6| 16 |2 QFN-40 (6x6)
C8051F968-B-GM | 25| 16 |4352|57| v |128 | v |1 |1 |2 |4 |6 | 16 | 2 | DQFN-76 (6x6)
C8051F968-B-GQ |25 | 16 [4352|57| v |128 | v |1 |1 |2 |4 |6 | 16 | 2 | TQFP80(12x12)
C8051F969-B-GM | 25| 16 |4352|34| v | 36 | v |1 |1 |2 |4 |6 | 16 |2 QFN-40 (6x6)

All packages are Lead-free (RoHS Compliant).
Rev A not recommended for new designs.
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3. Pinout and Package Definitions

Table 3.1. Pin Definitions for the C8051F96x

Name

Pin Numbers

DQFN76| TQFP80 | QFN40

Type

Description

VBAT

A5

8

5

PIn

Battery Supply Voltage. Must be 1.8 to 3.8 V.

VBATDC

A6

10

5

PIn

DCO Input Voltage. Must be 1.8 to 3.8 V.

VDC

A8

14

8

PiIn

P Out

Alternate Power Supply Voltage. Must be 1.8 to
3.6 V. This supply voltage must always be <
VBAT. Software may select this supply voltage to
power the digital logic.

Positive output of the dc-dc converter. A 1 pF to
10 pF ceramic capacitor is required on this pin
when using the dc-dc converter. This pin can
supply power to external devices when the dc-dc
converter is enabled.

GNDDC

12

PIn

DC-DC converter return current path. This pin is
typically tied to the ground plane.

GND

B6

13,64,
66,68

Required Ground.

IND

B5

11

PiIn

DC-DC Inductor Pin. This pin requires a 560 nH
inductor to VDC if the dc-dc converter is used.

VIO

B4

Pin

I/0 Power Supply for P0.0-P1.4 and P2.4—P7.0
pins. This supply voltage must always be
< VBAT.

VIORF

B7

15

Pin

1/0 Power Supply for P1.5-P2.3 pins. This sup-
ply voltage must always be < VBAT.

RST/

C2CK

A9

16

D 1/O

D 1/O

Device Reset. Open-drain output of internal POR
or Vpp monitor. An external source can initiate a
system reset by driving this pin low for at least
15 ps. A1 kQ to 5 kQ pullup to Vpp is recom-
mended. See Reset Sources Section for a com-
plete description.

Clock signal for the C2 Debug Interface.

P7.0/

C2D

A10

17

10

D I/O

D 1/O

Port 7.0. This pin can only be used as GPIO. The
Crossbar cannot route signals to this pin and it
cannot be configured as an analog input. See
Port 1/0 Section for a complete description.

Bi-directional data signal for the C2 Debug Inter-
face.

VLCD

A32

61

32

P 1/0

LCD Power Supply. This pin requires a 10 uF
capacitor to stabilize the charge pump.
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers I
Name Type |Description
DQFN76| TQFP80 | QFN40
P0.0 A4 6 4 D I/O or |Port 0.0. See Port I/O Section for a complete
Aln |description.
VREF Aln
A Out |External Vggg Input.
Internal Vggg Output. External Vrgg decoupling
capacitors are recommended. See ADCO Section
for details.
PO.1 A3 4 3 D I/O or |Port 0.1. See Port I/O Section for a complete
Aln |description.
AGND G
Optional Analog Ground. See ADCO Section for
details.
P0.2 A2 2 2 D I/O or [Port 0.2. See Port I/O Section for a complete
AIn |description.
XTAL1 Aln
External Clock Input. This pin is the external
oscillator return for a crystal or resonator. See
Oscillator Section.
P0.3 Al 1 1 D I/O or |Port 0.3. See Port I/O Section for a complete
Aln |description.
XTAL2 A Out
External Clock Output. This pin is the excitation
D In |driver for an external crystal or resonator.
External Clock Input. This pin is the external
Aln |clock input in external CMOS clock mode.
External Clock Input. This pin is the external
clock input in capacitor or RC oscillator configu-
rations.
See Oscillator Section for complete details.
P0.4 A40 79 40 D I/O or |Port 0.4. See Port I/O Section for a complete
Aln |description.
TX D Out
UART TX Pin. See Port I/O Section.
P0.5 A39 78 39 D I/O or |Port 0.5. See Port I/O Section for a complete
Aln |description.
RX DIn
UART RX Pin. See Port I/O Section.
36 Rev. 1.0 )
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers I
Name Type |Description
DQFN76| TQFP80 | QFN40
P0.6 A38 76 38 D I/O or |Port 0.6. See Port I/O Section for a complete
Aln |description.
CNVSTR DIn
External Convert Start Input for ADCO. See
ADCO section for a complete description.
PO0.7 A37 74 37 D I/O or |Port 0.7. See Port I/O Section for a complete
Aln |description.
IREFO A Out
IREFO Output. See IREF Section for complete
description.
P1.0 A36 72 36 D I/O or |Port 1.0. See Port I/O Section for a complete
AIn |description.
PCO D I/0 |Pulse Counter 0.
P1.1 A35 70 35 D I/O or |Port 1.1. See Port I/O Section for a complete
A In |description.
PC1 D I/O [|Pulse Counter 1.
P1.2 A34 67 34 D I/O or |Port 1.2. See Port I/O Section for a complete
AIn |description.
XTAL3 Aln |SmaRTClock Oscillator Crystal Input.
P1.3 A33 65 33 D I/O or |Port 1.3. See Port I/O Section for a complete
AIn |description.
XTAL4 A Out |SmaRTClock Oscillator Crystal Output.
P1.4 A3l 60 31 D I/O or |Port 1.4. See Port I/O Section for a complete
A In |description.
P1.5 A30 57 30 D I/O or |Port 1.5. See Port I/O Section for a complete
A In |description. VIORF supply.
P1.6 A29 56 29 D I/O or |Port 1.6. See Port I/O Section for a complete
A In |description. VIORF supply. May also be used as
INTO or INT1.
P1.7 A28 54 28 D I/O or |Port 1.7. See Port I/O Section for a complete
A In |description. VIORF supply. May also be used as
INTO or INT1.
P2.0 A27 53 27 D I/O or |Port 2.0. See Port I/O Section for a complete
A In |description. VIORF supply. May also be used as
SCK for SPI1.
Rev. 1.0 37

SILICON LABS



C8051F96x

Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers

Name Type |Description
DQFN76| TQFP80 | QFN40
p2.1 A26 49 26 D I/O or |Port 2.1. See Port I/O Section for a complete
A In |description. VIORF supply. May also be used as
MISO for SPI1.
P2.2 A25 48 25 D I/O or |Port 2.2. See Port I/O Section for a complete
A In |description. VIORF supply. May also be used as
MOSI for SPI1.
P2.3 A24 a7 24 D I/O or |Port 2.3. See Port I/O Section for a complete
A In |description. VIORF supply. May also be used as
NSS for SPI1.
P2.4 A23 46 23 D I/O or |Port 2.4. See Port I/O Section for a complete

AIn |description.

COMO AO
LCD Common Pin 0 (Backplane Driver)

P2.5 A22 45 22 D I/O or |Port 2.5. See Port I/O Section for a complete
AIn |description.

COoM1 AO
LCD Common Pin 1 (Backplane Driver)

P2.6 A21 43 21 D I/O or |Port 2.6. See Port I/O Section for a complete
AIn |description.

COM2 AO
LCD Common Pin 2 (Backplane Driver)

pP2.7 A20 41 20 D I/O or |Port 2.7. See Port I/O Section for a complete
Aln |description.

COM2 AO
LCD Common Pin 3 (Backplane Driver)

P3.0 Al9 39 19 D I/O or |Port 3.0. See Port I/O Section for a complete
A In |description.

LCDO AO
LCD Segment Pin 0

P3.1 Al18 38 18 D I/O or |Port 3.1. See Port I/O Section for a complete
Aln |description.

LCD1 AO
LCD Segment Pin 1
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers .
Name Type |Description
DQFN76| TQFP80 | QFN40

P3.2 Al7 36 17 D I/O or |Port 3.2. See Port I/O Section for a complete
AIn |description.

LCD2 AO
LCD Segment Pin 2

P3.3 Al6 34 16 D I/O or |Port 3.3. See Port I/O Section for a complete
AIn |description.

LCD3 AO
LCD Segment Pin 3

P3.4 Al5 32 15 D I/O or |Port 3.4. See Port I/O Section for a complete
AIn |description.

LCD4 AO
LCD Segment Pin 4

P3.5 Al4 28 14 D I/O or |Port 3.5. See Port I/O Section for a complete
Aln |description.

LCD5 AO
LCD Segment Pin 5

P3.6 Al13 26 13 D I/O or |Port 3.6. See Port I/O Section for a complete
AIn |description.

LCD6 AO
LCD Segment Pin 6

P3.7 Al2 24 12 D I/O or |Port 3.7. See Port I/O Section for a complete
A In |description.

LCD7 AO
LCD Segment Pin 7

P4.0 A1l 23 11 D I/O or |Port 4.0. See Port I/O Section for a complete
AIn |description.

LCD8 AO
LCD Segment Pin 8

P4.1 B3 7 D I/O or |Port 4.1. See Port I/O Section for a complete
AIn |description.

LCD9 AO

LCD Segment Pin 9
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers I
Name Type |Description
DQFN76| TQFP80| QFN40
P4.2 B2 5 D I/O or |Port 4.2. See Port I/O Section for a complete
AIn |description.

LCD10 AO
LCD Segment Pin 10

P4.3 Bl 3 D I/O or |Port 4.3. See Port I/O Section for a complete
AIn |description.

LCD11 AO
LCD Segment Pin 11

P4.4 D1 80 D I/O or |Port 4.4. See Port I/O Section for a complete
AIn |description.

LCD12 AO
LCD Segment Pin 12

P4.5 B28 77 D I/O or |Port 4.5. See Port I/O Section for a complete
Aln |description.

LCD13 AO
LCD Segment Pin 13

P4.6 B27 75 D I/O or |Port 4.6. See Port I/O Section for a complete
AIn |description.

LCD14 AO
LCD Segment Pin 14

P4.7 B26 73 D I/O or |Port 4.7. See Port I/O Section for a complete
A In |description.

LCD15 AO
LCD Segment Pin 15

P5.0 B25 71 D I/O or |Port 5.0. See Port I/O Section for a complete
AIn |description.

LCD16 AO
LCD Segment Pin 16

P5.1 B24 69 D I/O or |Port 5.1. See Port I/O Section for a complete
AIn |description.

LCD17 AO

LCD Segment Pin 17
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers .
Name Type |Description
DQFN76| TQFP80 | QFN40

P5.2 B23 63 D I/O or |Port 5.2. See Port I/O Section for a complete
AIn |description.

LCD18 AO
LCD Segment Pin 18

P5.3 B22 62 D I/O or |Port 5.3. See Port I/O Section for a complete
AIn |description.

LCD19 AO
LCD Segment Pin 19

P5.4 D4 59 D I/O or |Port 5.4. See Port I/O Section for a complete
AIn |description.

LCD20 AO
LCD Segment Pin 20

P5.5 B21 55 D I/O or |Port 5.5. See Port I/O Section for a complete
Aln |description.

LCD21 AO
LCD Segment Pin 21

P5.6 B15 44 D I/O or |Port 5.6. See Port I/O Section for a complete
AIn |description.

LCD22 AO
LCD Segment Pin 22

P5.7 D3 42 D I/O or |Port 5.7. See Port I/O Section for a complete
A In |description.

LCD23 AO
LCD Segment Pin 23

P6.0 B14 40 D I/O or |Port 6.0. See Port I/O Section for a complete
AIn |description.

LCD24 AO
LCD Segment Pin 24

P6.1 B13 37 D I/O or |Port 6.1. See Port I/O Section for a complete
AIn |description.

LCD25 AO

LCD Segment Pin 25
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers I
Name Type |Description
DQFN76| TQFP80| QFN40
P6.2 B12 35 D I/O or |Port 6.2. See Port I/O Section for a complete
AIn |description.

LCD26 AO
LCD Segment Pin 26

P6.3 B11 33 D I/O or |Port 6.3. See Port I/O Section for a complete
AIn |description.

LCD27 AO
LCD Segment Pin 27

P6.4 B10 29 D I/O or |Port 6.4. See Port I/O Section for a complete
AIn |description.

LCD28 AO
LCD Segment Pin 28

P6.5 B9 27 D I/O or |Port 6.5. See Port I/O Section for a complete
Aln |description.

LCD29 AO
LCD Segment Pin 29

P6.6 B8 25 D I/O or |Port 6.6. See Port I/O Section for a complete
AIn |description.

LCD30 AO
LCD Segment Pin 30

P6.7 D2 18 D I/O or |Port 6.7. See Port I/O Section for a complete
A In |description.

LCD31 AO

LCD Segment Pin 31
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P0.4/ PO.5/ PO.6/ PO.7/ P1LO/ P11 P12/ P13/

TX  RX CNVSTRIREFO PCO PCl XTAL3 XTAL4 VECD Pl4
P4.4/ P5.4/
LcD12 | [D1]| |[Ad0| [A39| [A38| [A37| [A36| |A35( |A34| |A33| |A32| |A31| |D4|| cp2o
PO.3/ | f0q D5 B28| [B27| [B26| |B25| |B24| [B23| |B22 D8| |A30 P1.5
XTAL2 '
NC P45/ P46/ P47/ P50/ P51 P52/ P53/ NC
P0.2/ | [, LCD13 LCD14 LCD15 LCD16 LCD17 LCD18 LCD19 A29 P16
XTALL P43/
BL| cpi1 P5.5/ B21
P0.1/ LCD21
A3 A28 P1.7
AGND
g2| P4 B20
PO.G/ LCD10 NC
: Ad A27 P2.0
VREF Ay
B3| |cho NC |B19
VBAT | | A5 A26 P2.1
B4| VIO C8051F960/2/4/6/8 - GM NC [B18
VBATDC| | A6 A25 p2.2
B5| IND NC |B17
GNDDC| | A7 A24 P2.3
B6| GND NC |B16
vDC || A8 A23 p2.4/
P5.6/ COMO
B7 | VIORF - |B15
_— LCD22
RST/ | [ao oD P2.5/
C2CK P6.6/ P6.5/ P6.4/ P6.3/ P6.2/ P6.1/ P6.0/ COM1
NC LCD30 LCD29 LCD28 LCD27 LCD26 LCD25 LCD24 NC
P7.0/ P2.6/
oo | |AL0 [Ds6 BS Bo| |B1o| |B11| [B12| [B13| |B14 D7 | [A21f| S
P6.7/ P5.7/
D2| |(A11] [A12] |A13| |Aa14| [A1s5| |A1e| |A17| |Aa18| [A19] [A20| |D3 -
LCD31 LCD23
P40/ P3.7/ P36/ P35 P34/ P33 P32/ P31 P30 P27
LCD8 LCD7 LCD6 LCD5 LCD4 LCD3 LCD2 LCD1 LCDO COM3
Figure 3.1. DQFN-76 Pinout Diagram (Top View)
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P0.4/ PO.5/ PO.6/ PO.7/ P1LO/ P11 P12/ P13/

TX  RX CNVSTRIREFO PCO PCl XTAL3 XTAL4 LCD P14
40| |39 38| |37 36| [35 34| [33] [32] [31
P0.3/
xtaz || 1 30 P15
P0.2/
staL || 2 29 P1.6
PO.1/
acnp || 3 28 P17
P0.0/
vrer || 4 27 P2.0
VBAT/
VBATDC]| | 26 P21
NIO C8051F961/3/5/7/9 - GM
IND 6 25 P2.2
GND/
enooe| [ 24| P23
vDC/ P2.4/
viorF | | 8 21| como
RST/ P2.5/
cack | 2 21| com
P7.0/ P2.6/
co |20 2L comz
11 12 13 14 15 16 17 18 19| |20
P40/ P3.7/ P36/ P35 P34/ P33 P32/ P31 P30 P27
LCD8 LCD7 LCD6 LCD5 LCD4 LCD3 LCD2 LCD1 LCDO COM3
Figure 3.2. QFN-40 Pinout Diagram (Top View)
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P0.3/XTAL2
P0.2/XTAL1
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Figure 3.3. TQFP-80 Pinout Diagram (Top View)

~N| || [©] (O

PN (W | B

~| (00| [©

PN (W] [

P1.4
P5.4/LCD20
NC

P1.5

P1.6
P5.5/LCD21
P1.7
P2.0/SCK1
NC

NC

NC
P2.1/MISO1
P2.2/MOSI1
P2.3/INSS1
P2.4/COMO
P2.5/COM1
P5.6/LCD22
P2.6/COM2
P5.7/LCD23
P2.7/COM3
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3.1. DQFN-76 Package Specifications
3.1.1. Package Drawing

S [obb]C[E]
@ St D2
PIN Al LD. A
oy (LASER MARK)\ f——D/2 —=y D2/2 PIN Al 1D,
[£5[oc0[c]A] L
\O FEEEEEE E B[E
HEEHEEB R
[
E/2 1 [ I
£E2/2
( Se et
=
‘ -
@ o
HEE
ﬂnnmlﬂ@l@-ll
76X bxb
[c] [ [oos@]c]Az]
SEATING PLANE
DETAIL “A”
DETAIL "A”
Figure 3.4. DQFN-76 Package Drawing
Table 3.2. DQFN-76 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A 0.74 0.84 0.94 E2 3.00 3.10 3.20
b 0.25 0.30 0.35 aaa — — 0.10
D 6.00 BSC bbb — — 0.10
D2 3.00 3.10 3.20 ddd — — 0.08
0.50 BSC eee — — 0.10
E 6.00 BSC
Notes
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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3.1.2. Land Pattern

() o] ) ] i) o] o] o ] ][] -
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kﬁ‘<;\ DETAIL "A"
DETAIL A" Foxof

Figure 3.5. DQFN-76 Land Pattern

Table 3.3. DQFN-76 Land Pattern Dimensions

Dimension (mm)

Symbol Typ Max
C1 5.50 —
c2 5.50 —

e 0.50 —
— 0.35

P1 — 3.20
P2 — 3.20

Notes:
1. All feature sizes shown are at Maximum Material Condition
(MMC) and a card fabrication tolerance of 0.05 mm is assumed.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994
specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.
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3.1.3. Soldering Guidelines

3.1.3.1. Solder Mask Design

All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the
metal pad is to be 60 um minimum, all the way around the pad.

3.1.3.2. Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to
assure good solder paste release.

2. The stencil thickness should be 0.125 mm (5 mils).
3. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.

4. A 2x2 array of 1.25 mm square openings on 1.60 mm pitch should be used for the center ground
pad.

3.1.3.3. Card Assembly
1. A No-Clean, Type-3 solder paste is recommended.

2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.

3.1.3.4. Inner via placement
1. Inner via placement per Figure 3.6.
2. Reccomended via hole size is 0.150 mm (6 mil) laser drilled holes.
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Figure 3.6. Recomended Inner Via Placement

Table 3.4. Recomended Inner Via Placement Dimensions

Dimension Min Nominal Max

C1 — 3.8 —

Cc2 — 3.8 —

v — 0.35 —

h — 0.150 —

Notes:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Via hole should be 0.150 mm (6 mil) laser drilled.
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3.2. QFN-40 Package Specifications

:

b5

PIN 110~ |
t

JOP VIEW

Detail 1
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Detail 2

Perimeter Lead Form

Option 1
Edge Exposed

Option 2
Edge Pull-Back

Figure 3.7. Typical QFN-40 Package Drawing

Table 3.5. QFN-40 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.85 0.90 E2 4.00 4.10 4.20
Al 0.00 — 0.05 L 0.35 0.40 0.45
b 0.18 0.23 0.28 L1 — — 0.10
D 6.00 BSC aaa — — 0.10
D2 4.00 4.10 4.20 bbb — — 0.10
e 0.50 BSC ddd — — 0.05
E 6.00 BSC eee — — 0.08

Notes:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC Solid State Outline MO-220, variation VJJD-5, except for

features A, D2, and E2 which are toleranced per supplier designation.

4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body

Components.
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Figure 3.8. QFN-40 Landing Diagram
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Table 3.6. QFN-40 Landing Diagram Dimensions

Solder Mask Design

Stencil Design

pad.

Card Assembly

Components.

10. A No-Clean, Type-3 solder paste is recommended.
11. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body

1. All dimensions shown are in millimeters (mm) unless otherwise noted.

2. Dimension and Tolerancing is per the ANSI Y14.5M-1994 specification.

3. This Land Pattern Design is based on the IPC-SM-7351 guidelines.

4. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition (LMC) is
calculated based on a Fabrication Allowance of 0.05 mm.

Dimension Min Max Dimension Min Max
C1 5.80 5.90 X2 4.10 4.20
C2 5.80 5.90 Y1 0.75 0.85
e 0.50 BSC Y2 4.10 4.20
X1 0.15 0.25
Notes:
General

5. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and
the metal pad is to be 60 um minimum, all the way around the pad.

6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to
assure good solder paste release.

7. The stencil thickness should be 0.125 mm (5 mils).

8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.

9. A 4x4 array of 0.80 mm square openings on a 1.05 mm pitch should be used for the center ground
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3.3. TQFP-80 Package Specifications
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Figure 3.9. TQFP-80 Package Drawing
Table 3.7. TQFP-80 Package Dimensions
Dimension Min Nominal Max
A — — 1.20
Al 0.05 — 0.15
A2 0.95 1.00 1.05
b 0.17 0.20 0.27
c 0.09 — 0.20
D 14.00 BSC
D1 12.00 BSC
0.50 BSC
E 14.00 BSC
El 12.00 BSC
L 0.45 0.60 0.75
L1 1.00 Ref
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Table 3.7. TQFP-80 Package Dimensions

Dimension Min Nominal Max
2] 0° 3.5° 7°
aaa 0.20
bbb 0.20
ccc 0.08
ddd 0.08
eee 0.05

Notes:

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
Dimensioning and Tolerancing per ANSI Y14.5M-1994.

This package outline conforms to JEDEC MS-026, variant ADD.
Recommended card reflow profile is per the JEDEC/IPC J-STD-020

PO

specification for Small Body Components.
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Figure 3.10. TQFP80 Landing Diagram
Table 3.8. TQFP80 Landing Diagram Dimensions
Dimension Min Max
C1 13.30 13.40
c2 13.30 13.40
E 0.50 BSC
0.20 0.30
1.40 1.50
Notes:
1. All feature sizes shown are in mm unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.
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3.3.1. Soldering Guidelines
3.3.1.1. Solder Mask Design

All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the
metal pad is to be 60 um minimum, all the way around the pad.

3.3.1.2. Stencil Design

1. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure good
solder paste release.
2. The stencil thickness should be 0.125 mm (5 mils).
3. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
4. A 2x2 array of 1.25 mm square openings on 1.60 mm pitch should be used for the center ground pad.
3.3.1.3. Card Assembly
1. A No-Clean, Type-3 solder paste is recommended.

2. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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4. Electrical Characteristics

Throughout the Electrical Characteristics chapter:
m “VIO” refers to the VIO or VIORF Supply Voltage.
4.1. Absolute Maximum Specifications

Table 4.1. Absolute Maximum Ratings

Parameter Condition Min Typ Max Unit
Ambient Temperature under Bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on any VIO Port I/O Pin -0.3 — VIO + 2 \%

(all Port I/O pins except P1.5/6/7
and P2.0/1/2/3) or RST with
respect to GND

Voltage on P1.5/6/7 or P2.0/1/2/3 -0.3 — VIORF + 2 \%
with respect to GND.

Voltage on VBAT, VBATDC, VIO, -0.3 — 4.0 Y,
or VIORF with respect to GND

Maximum Total Current through — — 500 mA
VBAT or GND

Maximum Current through RST — — 100 mA
or any Port Pin

Maximum Total Current through — — 200 mA
all Port Pins

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the devices at those or any other conditions above
those indicated in the operation listings of this specification is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.
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4.2. Electrical Characteristics

Table 4.2. Global Electrical Characteristics
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Condition Min | Typ | Max Unit
Supply Voltage (VgaT) 1.8 3.8 \%
Minimum RAM Data Not in sleep mode — 1.4 — \%
Retention Voltage! in sleep mode — | 03 | 05
SYSCLK (System Clock)? 0 — | 25 MHz
Tsysh (SYSCLK High Time) 18 — — ns
TsysL (SYSCLK Low Time) 18 — — ns
Specified Operating -40 — +85 °C
Temperature Range

Notes:
1. Based on device characterization data; Not production tested.
2. SYSCLK must be at least 32 kHz to enable debugging.

Table 4.3. Digital Supply Current at VBAT pin with DC-DC Converter Enabled
—40 to +85 °C, VBAT = 3.6V, VDC = 1.9V, 24.5 MHz system clock unless otherwise specified.

Parameter | Condition | Min | Typ | Max | Unit

Digital Supply Current—CPU Active (Normal Mode, fetching instructions from flash, no external
load)

lgaT 123 Vgar=3.0V — 4.1 — mA
Veat=3.3V — 4.0 — mA
Vgar=3.6 V — 3.8 — mA
Digital Supply Current—CPU Inactive (Sleep Mode, sourcing current to external device)
lgaTt sourcing 9 mA to external device — 6.5 — mA
sourcing 19 mA to external device — 13 — mA
Notes:

1. Based on device characterization data; Not production tested.

2. Digital Supply Current depends upon the particular code being executed. The values in this table are obtained
with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop that accesses an
SFR, and moves data around using the CPU (between accumulator and b-register). The supply current will
vary slightly based on the physical location of this code in flash. As described in the Flash Memory chapter, it
is best to align the jump addresses with a flash word address (byte location /4), to minimize flash accesses
and power consumption.

3. Includes oscillator and regulator supply current.
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Table

4.4, Digital Supply Current with DC-DC Converter Disabled

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter | Condition | Min | Typ | Max | Unit

Digital Supply Current—Active Mode, No Clock Gating (PCLKACT=0x0F)
(CPU Active, fetching instructions from flash)

lgar b2 Vgar = 1.8-3.8V, F = 24.5 MHz — | 49 | 55 mA
(includes precision oscillator current)
Vgat = 1.8-3.8 V, F =20 MHz — 3.9 — mA
(includes low power oscillator current)
Vgar =18V, F=1MHz — 175 — MA
VBAT =3.8 V, F=1MHz —_— 190 —_— HA
(includes external oscillator/GPIO current)
VgaT = 1.8-3.8V, F = 32.768 kHz — 85 — HA
(includes SmaRTClock oscillator current)
I Frequenc — 183 — A/MHz
BAT FTeq ) 34y Vgar = 1.8-3.8V, T =25 °C H
Sensitivity™>

Digital Supply Current—Active Mode, All Peripheral Clocks Disabled (PCLKACT=0x00)
(CPU Active, fetching instructions from flash)

No ahsMwd

IBAT 1,2 Vgar =1.8-3.8V, F =245 MHz — 3.9 — mA
(includes precision oscillator current)
Vgat = 1.8-3.8 V, F =20 MHz — 3.1 — mA
(includes low power oscillator current)
Vgar = 1.8V, F=1MHz — 165 — A
Vear = 3.8V, F=1MHz — 180 — A
(includes external oscillator/GPIO current)
I Frequenc — 140 — A/MHz
BAT FTEd s Y Vpar = 1.8-3.8 V, T = 25 °C H
Sensitivity ™
Notes:
1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code

being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table

4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Unit

Digital Supply Current—Idle Mode

No aMwd

(CPU Inactive, not Fetching Instructions from Flash)
|BAT2 Vgar =1.8-3.8V, F =245 MHz — 3.5 — mA
(includes precision oscillator current)
Vgar = 1.8-3.8V, F =20 MHz — 2.6 — mA
(includes low power oscillator current)
Vgar =18V, F=1MHz — 340 — HA
Vgar = 3.8V, F=1MHz — 360 — MA
(includes external oscillator/GPIO current)
Vgat = 1.8-3.8 V, F = 32.768 kHz — | 230°| — A
(includes SmaRTClock oscillator current)
lgaT Frequency Sensitivity3 Va7 =1.8-3.8V, T=25°C — | 135 | — |pA/MHz
Notes:
1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code

being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table

4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Unit

Digital Supply Current— Low Power Idle Mode, All peripheral clocks enabled (PCLKEN = Ox0F)

(CPU Inactive, not fetching instructions from flash)
|BAT2, 6 VgaT = 1.8-3.8V, F = 24.5 MHz — 1.5 1.9 mA
(includes precision oscillator current)
Vgat = 1.8-3.8 V, F =20 MHz — | 107 | — mA
(includes low power oscillator current)
Vgar = 1.8V, F=1MHz — | 270 | — HA
Vgar =3.8V, F=1MHz — | 280 | — HA
(includes external oscillator/GPIO current)
VgaT = 1.8-3.8V, F = 32.768 kHz — | 92325 | — HA
(includes SmaRTClock oscillator current)
lgat Frequency Sensitivity® Vgar=1.8-3.8V, T=25°C — | 475 | — |MAMHz

Digital Supply Current— Low Power Idle Mode, All Peripheral Clocks Disabled (PCLKEN = 0x00)

No ahsMwd

(CPU Inactive, not fetching instructions from flash)
|BAT2, 7 Vgar =1.8-3.8V, F =245 MHz — 487 — A
(includes precision oscillator current)
Vgatr = 1.8-3.8V, F =20 MHz — 340 — A
(includes low power oscillator current)
Vgar = 1.8V, F=1MHz — 90 — A
Vgar = 3.8V, F=1MHz — 94 — A
(includes external oscillator/GPIO current)
lsat Frequency Sensitivity® Vgar =1.8-3.8V, T=25°C — 11° | — |HA/MHz
Digital Supply Current—Suspend Mode
Digital Supply Current Vgar =18V — 77 — A
(Suspend Mode) Vgar = 3.8V — 84 —
Notes:
1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code

being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Unit

Digital Supply Current—Sleep Mode (LCD Enabled, RTC enabled)

Digital Supply Current 1.8V, T =25 °C, static LCD 0.4 — HA
(Sleep Mode, SmaRTClock 3.0V, T =25"°C, static LCD 0.6 —
running, internal LFO, LCD 3.6V, T =25"°C, static LCD 0.8 —
Contrast Mode 1, charge 1.8V, T = 25 °C, 2-Mux LCD 07 | — LA
pump disabled, 60 Hz 3.0V, T =25°C, 2-Mux LCD 10 | —
refresh rate, driving 32 seg- 3.6V, T =25°C, 2-Mux LCD 1.2 —
ment pins w/ no load) 1.8V, T = 25 °C, 4-Mux LCD 07 | — LA
3.0V, T=25°C, 4-Mux LCD 1.1 —
3.6V, T=25°C, 4-Mux LCD 1.2 —
Digital Supply Current 1.8V, T =25 °C, static LCD 0.8 — A
(Sleep Mode, SmaRTClock 3.0V, T =25"°C, static LCD 1.1 —
running, 32.768 kHz Crys- 3.6V, T =25"°C, static LCD 1.4 —
tal, LCD Contrast Mode 1, 1.8V, T =25 °C, 2-Mux LCD 11 | — HA
charge pump disabled, 3.0V, T =25 °C, 2-Mux LCD 15 | —
60 Hz refresh rate, driving 3.6V, T=25°C, 2-Mux LCD 1.8 —
32 segment pins w/ no load) 1.8V, T = 25 °C, 4-Mux LCD 12 | — LA
3.0V, T=25°C, 4-Mux LCD 1.6 —
3.6V, T=25°C, 4-Mux LCD 1.9 —
Digital Supply Current 1.8V, T =25°C, static LCD 1.2 — A
(Sleep Mode, SmaRTClock 1.8V, T=25°C, 2-Mux LCD 1.6 —
running, internal LFO, LCD 1.8V, T=25°C, 3-Mux LCD 1.8 —
Contrast Mode 3 (2.7 V), 1.8V, T=25°C, 4-Mux LCD 2.0 —
charge pump enabled,
60 Hz refresh rate, driving
32 segment pins w/ no load)

Notes:

No ahsMwbd

1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code
being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.
Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Condition Min | Typ | Max Unit
Digital Supply Current 1.8V, T =25 °C, static LCD — 1.3 — A
(Sleep Mode, SmaRTClock 1.8V, T=25°C, 2-Mux LCD — 1.8 —
running, 32.768 kHz Crys- 1.8V, T=25°C, 3-Mux LCD — 1.8 —
tal, LCD Contrast Mode 3 1.8V, T=25°C, 4-Mux LCD — 2.0 —

(2.7 V), charge pump
enabled, 60 Hz refresh rate,
driving 32 segment pins w/
no load)

Notes:
1.

No oMo

Active Current measure using typical code loop - Digital Supply Current depends upon the particular code
being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

Includes oscillator and regulator supply current.

Based on device characterization data; Not production tested.

Measured with one-shot enabled.

Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = OxOF.
Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.
Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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Table 4.4. Digital Supply Current with DC-DC Converter Disabled (Continued)

—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter ‘ Condition ‘ Min ‘ Typ ‘ Max ‘ Unit
Digital Supply Current—Sleep Mode (LCD disabled, RTC enabled)
Digital Supply Current 1.8V, T=25°C — 0.35 — A
(Sleep Mode, SmaRTClock 30V, T=25°C — | 055 | —
running, 32.768 kHz crystal) 36V, T=25°C — 0.60 —
18V, T=85°C — 156 | —
3.0 V, T=85°C _ 2.38 _
3.6V, T=85°C _ | o79 | _—

(includes SmaRTClock oscillator and
Vgat Supply Monitor)

Digital Supply Current 1.8V, T=25°C — 0.20 — A
(Sleep Mode, SmaRTClock 30V, T=25°C — 0.35 —
running, internal LFO) 36V, T=25°C — 0.45 —

18V, T=85°C _ 1.30 —

30V, T=85°C _ 2.06 _

36V, T=85°C L 241 o

(includes SmaRTClock oscillator and
Vgat Supply Monitor)

Digital Supply Current—Sleep Mode (LCD disabled, RTC disabled)
Digital Supply Current 18V, T=25°C — 0.05 — A
(Sleep Mode) 30V, T=25°C — 0.08 _

36V, T=25°C — 1012 | 0.23

1.8V, T=85°C _ 1.2 _

30V, T=85°C _ 2.2 _

36V, T=85°C . 24 _

(includes POR supply monitor)

Digital Supply Current 1.8V, T=25°C — 0.01 — HA
(Sleep Mode, POR Supply 30V, T=25°C — 0.02 —
Monitor Disabled) 36V, T=25°C — 0.06 —

18V, T=85°C — 1.1 —

30V, T=85°C — 2.1 —

36V, T=85°C — 2.3 —
Notes:

1. Active Current measure using typical code loop - Digital Supply Current depends upon the particular code
being executed. Digital Supply Current depends on the particular code being executed. The values in this
table are obtained with the CPU executing a mix of instructions in two loops: djnz R1, $, followed by a loop
that accesses an SFR, and moves data around using the CPU (between accumulator and b-register). The
supply current will vary slightly based on the physical location of this code in flash. As described in the Flash
Memory chapter, it is best to align the jump addresses with a flash word address (byte location /4), to
minimize flash accesses and power consumption.

2. Includes oscillator and regulator supply current.

3. Based on device characterization data; Not production tested.

4. Measured with one-shot enabled.

5. Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x0OF.

6. Using SmaRTClock osillator with external 32.768 kHz CMOS clock. Does not include crystal bias current.

7. Low-Power Idle mode current measured with CLKMODE = 0x04, PCON = 0x01, and PCLKEN = 0x00.
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5 Active/
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Frequency (MHz)
Figure 4.1. Frequency Sensitivity (External CMOS Clock, 25°C)
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Table 4.5. Port 1/0O DC Electrical Characteristics
Vo =1.81t0 3.8V, —40 to +85 °C unless otherwise specified.

Parameters Conditions Min Typ Max Units
Output High Voltage | High Drive Strength, PnDRV.n = 1
IOH = -3 mA, Port I/O push-pull V- 0.7 _ -
IOH = -10 pA, Port I/O push-pull Vio—-0.1 _ .
IOH = -10 mA, Port I/O push-pull See Chart
Y
Low Drive Strength, PnDRV.n =0
IOH = -1 mA, Port I/O push-pull Vio—0.7 — —
IOH = -10 pA, Port I/O push-pull Vio—-0.1 — —
IOH = -3 mA, Port I/O push-pull . See Chart —
Output Low Voltage |High Drive Strength, PnDRV.n =1
oL = 8.5 mA . o 0.6
loL =10 pA — — 0.1
loL =25 mA — See Chart —
Vv
Low Drive Strength, PnDRV.n =0
oL = 1.4 mA — — 0.6
loL = 10 HA — — 01
lo, = 4 MA — See Chart —
Input High Voltage |Vgat1=2.0t03.8V Vio—0.6 — — \Y
Vegar=1.8t02.0V 0.7 x Vg — — \Y;
Input Low Voltage |Vgar=2.0t03.8V — — 0.6 Y,
Vegar=1.8t02.0V — — 0.3x Vg \Y;
Weak Pullup Off
Weak Pullup On, V|y =0V, — — 11
% V=18V — e = e
Weak Pullup On, Vin =0V, — 20 35
Vgar = 3.8V
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Typical VOH (High Drive Mode)
3.6
33 | — VDD =3.6V
3 — VDD =3.0V

2.7 4 — VDD =2.4V
2247 — VDD =18V
E 21

1.8 +

1.5 A

1.2 A

0.9 T T T T T T T T T )

0 5 10 15 20 25 30 35 40 45 50
Load Current (mA)
Typical VOH (Low Drive Mode)
3.6
3.3 4 — VDD =3.6V
31 — VDD = 3.0V

2.7 1 — VDD =24V
% 24 — VDD =1.8V
S 211

1.8 +

154

1.2

I S D D S

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Load Current (mA)

Figure 4.2. Typical VOH Curves, 1.8-3.6 V
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Typical VOL (High Drive Mode)
1.8 -
\ \ ) — VDD =3.6V
15
— VDD =3.0V
1.2 A
— VDD =24V
(]
(2]
£ 09 - — VDD =18V
>
0.6 1
0.3 1
O T T T T T T T 1
-80 -70 -60 -50 -40 -30 -20 -10 0
Load Current (mA)
Typical VOL (Low Drive Mode)
18
—VDD =3.6V
1.5 -
— VDD =3.0vV
1.2 A
— VDD =2.4V
()
(o]
£ 09 | — VDD =18V
o
>
0.6 1
0 T T T T T T T T T 1
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0
Load Current (mA)

Figure 4.3. Typical VOL Curves, 1.8-3.6 V
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Table 4.6. Reset Electrical Characteristics
Vgat = 1.8'10 3.8 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
RST Output Low Voltage loL = 1.4 mA, — — 0.6 \%
RST Input High Voltage VBAT —
put Hig g Vgar =2.010 3.8V BAT™ | _ | _ v
0.6
0.7 x
Vgar =1.8t02.0V — — Y,
BAT VBaT
RST Input Low Voltage Vgar=2.0t03.8V — — 0.6 \Y
0.3x
\% =1.8t0o2.0V — — V
BAT VBar
e RST=00V,V =18V — 4 —

RST | Pull — ' OBAT A
ST Input Pullup Current RST = 0.0V, Vgar = 3.8V . 20 35 K
VBAT Monitor Threshold Early qunmg 1.8 1.85 1.9 v

(Vrs7)* Reset Trigger 17 |175| 1.8
(all power modes except Sleep)
VBAT Ramp Time for VBAT Ramp from 0-1.8 V _ _ 3 ms
Power On*
POR Monitor Threshold Brownout Condition (Vgat Falling) 0.45 0.7 1.0 v
(Vpor) Recovery from Brownout (Vgat Rising) — 1.75 —
Mlssmg Clock Detector Time from last syste_m glqck rising edge 100 650 1000 us
Timeout to reset initiation
Minimum System Clock w/ : .
Missing Clock Detector SVSte”? CI.OCk frequency Whlc’?h triggers — 7 10 kHz
a missing clock detector timeout
Enabled
Delay between release of any reset
Reset Time Delay source and code — 10 — us
execution at location 0x0000
Minimum RST Low Time to 15 . . S
Generate a System Reset H
DlgltaI/Anglog Monitor . 300 L ns
Turn-on Time
Digital Monitor Supply
Current 14 HA
Analog Monitor Supply . 14 . UA
Current
*Note: The VBAT monitor electical specifications apply to both the analog and digital VBAT monitors (“SFR
Definition 22.1. VDMOCN: VDD Supply Monitor Control” on page 282).
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Table 4.7. Power Management Electrical Specifications
Vgar = 1.8t0 3.8 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Idle Mode Wake-up Time — 3 SYSCLKs
Suspend Mode Wake-up Time CLKDIV = 0x00 400 — ns
Low Power or Precision Osc.
Sleep Mode Wake-up Time 2 — us
Table 4.8. Flash Electrical Characteristics
Vgar = 1.8t0 3.8V, —40 to +85 °C unless otherwise specified.,
Parameter Conditions Min Typ Max Units
Flash Size C8051F960/1/2/3 131072 — — bytes
C8051F964/5 65536 — — bytes
C8051F966/7 32768 — — bytes
C8051F968/9 16384 — — bytes
Endurance 20 k 100k — Erase/Write
Cycles
Erase Cycle Time 28 32 36 ms
Write Cycle Time 57 64 71 us
Table 4.9. Internal Precision Oscillator Electrical Characteristics
Vpar = 1.810 3.8 V; Tp = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
. —40 to +85 °C,
Oscillator Frequency Vgar = 1.8-3.8 V 24 24.5 25 MHz
Oscillator Supply Current 25 °C;includes bias current | 300 . A
(from Vgat) of 50 pA typical s
*Note: Does not include clock divider or clock tree supply current.
Table 4.10. Internal Low-Power Oscillator Electrical Characteristics
Vear =1.810 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
. —40 to +85 °C,
Oscillator Frequency Vgar = 1.8-3.8 V 18 20 22 MHz
. 25°C
Oscillator Supply Current
(from Vgat) g No separate bias current — 100* — WA
BAT. ;
required

*Note: Does not include clock divider or clock tree supply current.
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Table 4.11. SmaRTClock Characteristics
Vear =1.810 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Oscillator Frequency (LFO) 13.1 16.4 19.7 kHz
Table 4.12. ADCO Electrical Characteristics
Vgar = 1.810 3.8V, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
DC Accuracy
. 12-bit mode 12 .
Resolution 10-bit mode 10 bits
. . 12-bit mode? — *1 +3
Integral Nonlinearity 10-bit mode . +0.5 +1 LSB
Differential Nonlinearity 12-bit mode?! — +0.8 +2 LSB
(Guaranteed Monotonic) 10-bit mode — +0.5 +1
12-bit mode — =<1 %3
Offset Error 10-bit mode . 1ol 13 LSB
12-bit mode? — +1 +4
Full Scale Error 10-bit mode . +1 125 LSB

Dynamic performance (10 kHz s
sampling rate)

ine-wave single-ended input, 1 dB below Full Scale, maximum

Si to-Noise Plus Distortion? 12-bit mode 62 65 — dB
ignal-to-Noise Plus Distortion 10-bit mode 54 58 .
Sj I-to-Distortion? 12-bit mode — 76 — 4B
Ignal-to-istortion 10-bit mode — 73 —
Souri F D i R 3 12-bit mode — 82 — 4B
purious-Free Dynamic Range 10-bit mode . 75 .
Conversion Rate
. Normal Power Mode — — 8.33
SAR Conversion Clock Low Power Mode . . 44 MHz
. . . 10-bit Mode 13 — —
Conversion Time in SAR Clocks 8-bit Mode 1 . o clocks
Initial Acquisition 15 . .
Track/Hold Acquisition Time Subsequent Acquisitions ' us
. 1.1 — —
(dc input, burst mode)
12-bit mode — — 75
Throughput Rate 10-bit mode o . 300 ksps

1. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
2. The maximum code in 12-bit mode is OxFFFC. The Full Scale Error is referenced from the maximum code.
3. Performance in 8-bit mode is similar to 10-bit mode.
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Table 4.12. ADCO Electrical Characteristics (Continued)
Vpar = 1.81t0 3.8 V, VREF = 1.65 V (REFSL[1:0] = 11), —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Analog Inputs

ADC Input Voltage Range Single Ended (AIN+ — GND) 0 — VREF \

Absolute Pin Voltage with respect .

to GND Single Ended 0 — VBaT \Y,
. . 1x Gain 16

Sampling Capacitance 0.5x Gain — 13 — pF

Input Multiplexer Impedance — 5 — kQ

Power Specifications

Normal Power Mode:

Conversion Mode (300 ksps) | — 650 —
Power Supply Current Tracking Mode (0 ksps) — 740 —
(VBat supplied to ADCO) Low Power Mode: HA
Conversion Mode (150 ksps) | — 370 —
Tracking Mode (0 ksps) — 400 —
L Internal High Speed VREF — 67 —
Power Supply Rejection External VREF . 74 . dB

1. INL and DNL specifications for 12-bit mode do not include the first or last four ADC codes.
2. The maximum code in 12-bit mode is OxFFFC. The Full Scale Error is referenced from the maximum code.
3. Performance in 8-bit mode is similar to 10-bit mode.

Table 4.13. Temperature Sensor Electrical Characteristics
Vgt = 1.8 10 3.8 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Linearity — +1 — °C
Slope — 3.40 — mV/°C
Slope Error* — 40 — pv/eC
Offset Temp =25°C — 1025 — mV
Offset Error* Temp =25°C — 18 — mV
Temperature Sensor Turn-On
Time o L7 o HS
Supply Current — 35 — HA

*Note: Represents one standard deviation from the mean.
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Table 4.14. Voltage Reference Electrical Characteristics

Vgt = 1.8 10 3.8 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Internal High-Speed Reference (REFSL[1:0] = 11)
—40 to +85 °C,
Output Voltage Vgar = 1.8-3.8 V 1.62 1.65 1.68 \Y,
VREF Turn-on Time — — 15 us
Normal Power Mode — 260 —
Supply Current Low Power Mode — 140 — KA
External Reference (REFSL[1:0] = 00, REFOE = 0)
Input Voltage Range 0 — VgaT \
Sample Rate = 300 ksps;
Input Current VREE = 3.0 V — 5.25 — A
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Table 4.15. IREFO Electrical Characteristics
Vpgat = 1.8 10 3.8 V, —40 to +85 °C, unless otherwise specified.

Parameter Conditions Min Typ Max Units
Static Performance
Resolution 6 bits
Low Power Mode, Source 0 —  |Vgar—04
Output Compliance Range H'Ezvfggjvr:r'\:ﬂ%ddzss?glice 093 ~ VB’\*/TB/:TOB v
High Current Mode, Sink 0.8 — VBAT
Integral Nonlinearity — <+0.2 +1.0 LSB
Differential Nonlinearity — <+0.2 +1.0 LSB
Offset Error — <#0.1 +0.5 LSB
Low Power Mode, Source — — 5 %
High Current Mode, Source — — +6 %
Full Scale Error -
Low Power Mode, Sink — — +8 %
High Current Mode, Sink — — +8 %
Absolute Current Error Lg\évufc?f;;gﬂﬁie — <+1 +3 %
Dynamic Performance
Output Settling Time to 1/2 LSB — 300 — ns
Startup Time — 1 — V&
Power Consumption
Net Power Supply Current Low Power Mode, Source
(Veat supplied to IREFO minus IREFODAT = 000001 — 10 — HA
any output source current) IREEODAT = 111111 _ 10 _ HA
High Current Mode, Source
IREFODAT = 000001 — 10 — HA
IREFODAT = 111111 — 10 — HA
Low Power Mode, Sink
IREFODAT = 000001 — 1 — HA
IREFODAT = 111111 — 11 — HA
High Current Mode, Sink
IREFODAT = 000001 — 12 — HA
IREFODAT = 111111 — 81 — HA

Note: Referto “6.1. PWM Enhanced Mode” on page 103 for information on how to improve IREFO resolution.
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Table 4.16. Comparator Electrical Characteristics
Vgar = 1.8t0 3.8V, —40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units
Response Time: CPO+ - CP0O- =100 mV — 120 — ns
Mode 0, Vgar = 2.4V, VCM* =12V | CPO+ - CP0-=-100 mV — 110 — ns
Response Time: CPO+ — CPO- =100 mV — 180 — ns
Mode 1, Vgar = 2.4V, VCM* =12V | CPO+ - CP0-=-100 mV — 220 — ns
Response Time: CPO+ — CPO- =100 mV — 350 — ns
Mode 2, Vgar = 2.4V, VCM* =12V | CPO+ - CP0-=-100 mV — 600 — ns
Response Time: CPO+ — CPO- =100 mV — 1240 — ns
Mode 3, Vgar = 2.4V, VCM* =12V | CPO+ - CP0O-=-100 mV — 3200 — ns
Common-Mode Rejection Ratio — 15 — mV/V
Inverting or Non-Inverting Input B o
Voltage Range 0.25 Vgar +0.25| V
Input Capacitance — 12 — pF
Input Bias Current — 1 — nA
Input Offset Voltage -10 — +10 mV
Power Supply
Power Supply Rejection — 0.1 — mV/V
VBAT =38V —_— 0.6 — uS
Vgar =3.0V — 1.0 — S
Power-up Time BAT a
VBAT =24V —_— 1.8 — uS
VBAT =18V — 10 — s
Mode 0 — 23 — A
Mode 1 — 8.8 — MA
Supply Current at DC
Mode 2 — 2.6 — A
Mode 3 — 0.4 — MA
*Note: Vcm is the common-mode voltage on CPO+ and CPO-.
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Table 4.16. Comparator Electrical Characteristics (Continued)
Vgar = 1.8 10 3.8 V, —40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units

Hysteresis
Mode O
Hysteresis 1 (CPnHYP/N1-0 = 00) — 0 — mvV
Hysteresis 2 (CPNHYP/N1-0 = 01) — 8.5 — mV
Hysteresis 3 (CPNHYP/N1-0 = 10) — 17 — mV
Hysteresis 4 (CPNHYP/N1-0 = 11) — 34 — mV
Mode 1
Hysteresis 1 (CPnHYP/N1-0 = 00) — 0 — mV
Hysteresis 2 (CPnHYP/N1-0 = 01) — 6.5 — mV
Hysteresis 3 (CPnHYP/N1-0 = 10) — 13 — mV
Hysteresis 4 (CPnHYP/N1-0 = 11) — 26 — mV
Mode 2
Hysteresis 1 (CPnHYP/N1-0 = 00) — 0 1 mV
Hysteresis 2 (CPNHYP/N1-0 = 01) 2 5 10 mV
Hysteresis 3 (CPnHYP/N1-0 = 10) 5 10 20 mV
Hysteresis 4 (CPnHYP/N1-0 = 11) 12 20 30 mV
Mode 3
Hysteresis 1 (CPnHYP/N1-0 = 00) — 0 — mV
Hysteresis 2 (CPnHYP/N1-0 =01) — 4.5 — mV
Hysteresis 3 (CPnHYP/N1-0 = 10) — 9 — mV
Hysteresis 4 (CPNHYP/N1-0 =11) — 17 — mV
*Note: Vcm is the common-mode voltage on CPO+ and CPO—.
Table 4.17. VREGO Electrical Characteristics
Vgar = 1.810 3.8 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Input Voltage Range 1.8 — 3.8 \Y,
Bias Current Normal, idle, suspend, or stop mode — 20 — A
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Table 4.18. LCDO Electrical Characteristics
Vear =1.810 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Charge Pump Output Voltage . +30 . mv
Error
LCD Clock Frequency 16 — 33 kHz
Table 4.19. PCO Electrical Characteristics
Vgar = 1.810 3.8 V; T, =—40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
1.8V — 145 —
Supply Current 22V — 175 — A
(25 °C, 2 ms sample rate) 30V — 235 _
3.8V — 285 —
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Table 4.20. DCO (Buck Converter) Electrical Characteristics

Vgar = 1.810 3.8 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Condition Min Typ Max Units
Input Voltage Range 1.8 — 3.8 V
Input Supply to Output
Voltage Differential 0.45 — — \%
(for regulation)
Output Voltage Range Programmable from 1.8 to 3.5V 1.8 1.9 3.5 Vv
Output Power Vpc = 1.8103.0 V. — — 250 | mw
VgaT 2 Vpe + 0.5.
Inductor Value! 0.47 0.56 0.68 pH
For load currents less than 50 mA 450 . .
Inductor Current Rating For load currents greater than mA
550 — —
50 mA
Output Capacitor Value? 1 2.2 10 UF
Input Capacitor? — 4.7 — HUF
o Load C Target output = 1.8 to 3.0 V3 — — 853
utput Load Current Target output = 3.1 V3 — — 703
(based on output power Target outout = 3.3 V3 — — 503 mA
specification) getoutput = o. 4 — — 4
Target output = 3.5 V . . 10
Output =19V,
Load Regulation Load current up to 85 mA,; — 0.03 — mv/mA
Supply range = 2.4-3.8V
Maximum DC Load Current
. — — 5 mA
During Startup
Switching Clock Frequency 1.9 2.9 3.8 MHz

Notes:

1. Recommended: Inductor similar to NLV32T-R56J-PF (0.56 puH)

2. Recommended: X7R or X5R ceramic capacitors with low ESR. Example: Murata GRM21BR71C225K with
ESR <10 mQ ( @ frequency > 1 MHz)

3. Vgat 2 Vpc + 0.5. Auto-Bypass enabled (DCOMD.2 = 1).

4. Vgat = 3.8 V. Auto-Bypass disabled (DCOMD.2 = 0).
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5. SAR ADC with 16-bit Auto-Averaging Accumulator and
Autonomous Low Power Burst Mode

The ADCO on C8051F96x devices is a 300 ksps, 10-bit or 75 ksps, 12-bit successive-approximation-regis-
ter (SAR) ADC with integrated track-and-hold and programmable window detector. ADCO also has an
autonomous low power Burst Mode which can automatically enable ADCO, capture and accumulate sam-
ples, then place ADCO in a low power shutdown mode without CPU intervention. It also has a 16-bit accu-
mulator that can automatically oversample and average the ADC results. See Section 5.4 for more details
on using the ADC in 12-bit mode.

The ADC is fully configurable under software control via Special Function Registers. The ADCO operates in
Single-ended mode and may be configured to measure various different signals using the analog multi-
plexer described in “5.7. ADCO Analog Multiplexer” on page 95. The voltage reference for the ADC is
selected as described in “5.9. Voltage and Ground Reference Options” on page 100.

ADCOCN
A gig|
w =l ZI21S|5|5106
SEIEEBEEE
215(2(8|8|alala
<21<|2|2<|<|<
1T
. i VDD Start 000 —— ADOBUSY (W)
ADCOTK }—> c art 001 |—— Timer 0 Overflow
Burst Mode Logic | “onversion | 010 —— Timer 2 Overflow
GDEORWR 011 —— Timer 3 Overflow
100 —— CNVSTR Input
R 10/12-Bit B
|
' Fom 1 ANt SAR _"8
! AMUXO <
! | A D C — 16-Bit Accumulator
________ l—>|
I
o
i 18
T L
3 <
o — ADOWINT
7 t
PR — Window
> | 1 Compare
St(ofNn||o|w 32 ;
= Logic
2|3|2|2|3|8|5|3| [ADCOLTH]|[ADCOLTL |
o|lo(o|o|o|S Ia) o
alalalalala s
< <|<|<|<|<|<| =2 [ 1
ADCOCF |[ADCOGTH||[ADCOGTL|

Figure 5.1. ADCO Functional Block Diagram

5.1. Output Code Formatting

The registers ADCOH and ADCOL contain the high and low bytes of the output conversion code from the
ADC at the completion of each conversion. Data can be right-justified or left-justified, depending on the
setting of the ADOSJST[2:0]. When the repeat count is set to 1, conversion codes are represented as 10-
bit unsigned integers. Inputs are measured from 0 to VREF x 1023/1024. Example codes are shown below
for both right-justified and left-justified data. Unused bits in the ADCOH and ADCOL registers are set to 0.
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Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOSJST = 000) (ADOSJST = 100)
VREF x 1023/1024 Ox03FF OxFFCO
VREF x 512/1024 0x0200 0x8000
VREF x 256/1024 0x0100 0x4000
0 0x0000 0x0000

When the repeat count is greater than 1, the output conversion code represents the accumulated result of
the conversions performed and is updated after the last conversion in the series is finished. Sets of 4, 8,
16, 32, or 64 consecutive samples can be accumulated and represented in unsigned integer format. The
repeat count can be selected using the ADORPT bits in the ADCOAC register. When a repeat count higher
than 1, the ADC output must be right-justified (ADOSJST = 0xx); unused bits in the ADCOH and ADCOL
registers are set to 0. The example below shows the right-justified result for various input voltages and

repeat counts. Notice that accumulating 2" samples is equivalent to left-shifting by n bit positions when all
samples returned from the ADC have the same value.

Input Voltage Repeat Count = 4 Repeat Count = 16 Repeat Count = 64
VReg X 1023/1024 OxOFFC 0x3FFO0 OxFFCO
VRer X 512/1024 0x0800 0x2000 0x8000
Vgeg X 511/1024 0x07FC 0x1FFO0 0x7FCO

0 0x0000 0x0000 0x0000

The ADOSJST bits can be used to format the contents of the 16-bit accumulator. The accumulated result
can be shifted right by 1, 2, or 3 bit positions. Based on the principles of oversampling and averaging, the
effective ADC resolution increases by 1 bit each time the oversampling rate is increased by a factor of 4.
The example below shows how to increase the effective ADC resolution by 1, 2, and 3 bits to obtain an
effective ADC resolution of 11-bit, 12-bit, or 13-bit respectively without CPU intervention.

Input Voltage Repeat Count =4 Repeat Count = 16 Repeat Count = 64

Shift Right =1 Shift Right =2 Shift Right =3

11-Bit Result 12-Bit Result 13-Bit Result
VRrer X 1023/1024 Ox07F7 OxOFFC Ox1FF8
VRreg X 512/1024 0x0400 0x0800 0x1000
VRer X 511/1024 O0x03FE 0x04FC OxOFF8
0 0x0000 0x0000 0x0000
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5.2. Modes of Operation

ADCO has a maximum conversion speed of 300 ksps in 10-bit mode. The ADCO conversion clock (SAR-
CLK) is a divided version of the system clock when burst mode is disabled (BURSTEN = 0), or a divided
version of the low power oscillator when burst mode is enabled (BURSEN = 1). The clock divide value is
determined by the ADOSC bits in the ADCOCF register.

5.2.1. Starting a Conversion

A conversion can be initiated in one of five ways, depending on the programmed states of the ADCO Start
of Conversion Mode bits (ADOCM2-0) in register ADCOCN. Conversions may be initiated by one of the fol-
lowing:

1. Writing a 1 to the ADOBUSY bit of register ADCOCN

2. A Timer 0 overflow (i.e., timed continuous conversions)
3. A Timer 2 overflow

4. A Timer 3 overflow

5. Arising edge on the CNVSTR input signal (pin P0.6)

Writing a 1 to ADOBUSY provides software control of ADCO whereby conversions are performed "on-
demand". During conversion, the ADOBUSY bit is set to logic 1 and reset to logic 0 when the conversion is
complete. The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt
flag (ADOINT). When polling for ADC conversion completions, the ADCO interrupt flag (ADOINT) should be
used. Converted data is available in the ADCO data registers, ADCOH:ADCOL, when bit ADOINT is logic 1.
When Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte overflows are used if
Timer 2/3 is in 8-bit mode; High byte overflows are used if Timer 2/3 is in 16-bit mode. See “32. Timers” on
page 444 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as Port pin P0.6. When the
CNVSTR input is used as the ADCO conversion source, Port pin P0.6 should be skipped by the Digital
Crossbar. To configure the Crossbar to skip P0.6, set to 1 Bit 6 in register POSKIP. See “27. Port Input/Out-
put” on page 351 for details on Port I/0O configuration.

5.2.2. Tracking Modes

Each ADCO conversion must be preceded by a minimum tracking time in order for the converted result to
be accurate. The minimum tracking time is given in Table 4.12. The ADOTM bit in register ADCOCN con-
trols the ADCO track-and-hold mode. In its default state when Burst Mode is disabled, the ADCO input is
continuously tracked, except when a conversion is in progress. When the ADOTM bit is logic 1, ADCO
operates in low-power track-and-hold mode. In this mode, each conversion is preceded by a tracking
period of 3 SAR clocks (after the start-of-conversion signal). When the CNVSTR signal is used to initiate
conversions in low-power tracking mode, ADCO tracks only when CNVSTR is low; conversion begins on
the rising edge of CNVSTR (see Figure 5.2). Tracking can also be disabled (shutdown) when the device is
in low power standby or sleep modes. Low-power track-and-hold mode is also useful when AMUX settings
are frequently changed, due to the settling time requirements described in “5.2.4. Settling Time Require-
ments” on page 83.
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CNVSTR
(ADOCM[2:0]=100)

SAR Clocks |

ADOTM=1

ADOTM=0

Write '1' to ADOBUSY,
Timer O, Timer 2,

Timer 1, Timer 3 Overflow ~ ———

(ADOCM[2:0]=000, 001,010
011, 101)

SAR
Clocks

ADOTM=1

SAR
Clocks

ADOTM=0

A. ADCO Timing for External Trigger Source

123456 7 8 91011121314

Low Power Low Power
Track Convert
or Convert Mode
Track or Convert Convert Track

B. ADCO Timing for Internal Trigger Source

|

123 456 7 8 91011121314151617

I

Low Power

or Convert Track

Convert

Low Power Mode

123456 7 8 91011121314

[ Ty uuuyT

Track or
Convert

Convert

Track

Figure 5.2. 10-Bit ADC Track and Conversion Example Timing (BURSTEN = 0)
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5.2.3. Burst Mode

Burst Mode is a power saving feature that allows ADCO to remain in a low power state between conver-
sions. When Burst Mode is enabled, ADCO wakes from a low power state, accumulates 1, 4, 8, 16, 32, or
64 using an internal Burst Mode clock (approximately 20 MHz), then re-enters a low power state. Since the
Burst Mode clock is independent of the system clock, ADCO can perform multiple conversions then enter a
low power state within a single system clock cycle, even if the system clock is slow (e.g. 32.768 kHz), or
suspended.

Burst Mode is enabled by setting BURSTEN to logic 1. When in Burst Mode, ADOEN controls the ADCO
idle power state (i.e. the state ADCO enters when not tracking or performing conversions). If ADOEN is set
to logic 0, ADCO is powered down after each burst. If ADOEN is set to logic 1, ADCO remains enabled after
each burst. On each convert start signal, ADCO is awakened from its Idle Power State. If ADCO is powered
down, it will automatically power up and wait the programmable Power-Up Time controlled by the
ADOPWR bits. Otherwise, ADCO will start tracking and converting immediately. Figure 5.3 shows an exam-
ple of Burst Mode Operation with a slow system clock and a repeat count of 4.

When Burst Mode is enabled, a single convert start will initiate a number of conversions equal to the repeat
count. When Burst Mode is disabled, a convert start is required to initiate each conversion. In both modes,
the ADCO End of Conversion Interrupt Flag (ADOINT) will be set after “repeat count” conversions have
been accumulated. Similarly, the Window Comparator will not compare the result to the greater-than and
less-than registers until “repeat count” conversions have been accumulated.

In Burst Mode, tracking is determined by the settings in ADOPWR and ADOTK. The default settings for
these registers will work in most applications without modification; however, settling time requirements may
need adjustment in some applications. Refer to “5.2.4. Settling Time Requirements” on page 83 for more
details.

Notes:
m Setting ADOTM to 1 will insert an additional 3 SAR clocks of tracking before each conversion,
regardless of the settings of ADOPWR and ADOTK.

m  When using Burst Mode, care must be taken to issue a convert start signal no faster than once every
four SYSCLK periods. This includes external convert start signals.

System Clock
Convert Start ——» ]
ADOTM =1 Powered Power-Up [T T T T Powered | Power-Up
ADOEN =0 Down and Track |3 T 3 T 3 cr 3 ¢ Down and Track T C-
ADOTM =0 Powered | Power-Up Powered Power-Up
ADOEN =0 Down and Track cimelmelme Down and Track | C
[ ADOPWR | > [« ADOTK

T = Tracking set by ADOTK
T3 = Tracking set by ADOTM (3 SAR clocks)
C = Converting

Figure 5.3. Burst Mode Tracking Example with Repeat Count Set to 4
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5.2.4. Settling Time Requirements

A minimum amount of tracking time is required before each conversion can be performed, to allow the
sampling capacitor voltage to settle. This tracking time is determined by the AMUXO resistance, the ADCO
sampling capacitance, any external source resistance, and the accuracy required for the conversion. Note
that in low-power tracking mode, three SAR clocks are used for tracking at the start of every conversion.
For many applications, these three SAR clocks will meet the minimum tracking time requirements, and
higher values for the external source impedance will increase the required tracking time.

Figure 5.4 shows the equivalent ADCO input circuit. The required ADCO settling time for a given settling
accuracy (SA) may be approximated by Equation . When measuring the Temperature Sensor output or
Vpp Wwith respect to GND, Rygra. reduces to Ryyx. See Table 4.12 for ADCO minimum settling time

requirements as well as the mux impedance and sampling capacitor values.

— (2
t= ln(S_A) X RrotaLCsampLE

ADCO Settling Time Requirements

Where:

SA is the settling accuracy, given as a fraction of an LSB (for example, 0.25 to settle within 1/4 LSB)
t is the required settling time in seconds

RtoTaL is the sum of the AMUXO resistance and any external source resistance.

n is the ADC resolution in bits (10).

MUX Select

!

Pox D—o e AAN——

Rmux

— CSAMF’LE

Rclnput= Rmux * CsampLE =

Note: The value of CSAMPLE depends on the PGA Gain. See Table 4.12 for details.
Figure 5.4. ADCO Equivalent Input Circuits

5.2.5. Gain Setting

The ADC has gain settings of 1x and 0.5x. In 1x mode, the full scale reading of the ADC is determined
directly by Vgge In 0.5x mode, the full-scale reading of the ADC occurs when the input voltage is Vggg X 2.
The 0.5x gain setting can be useful to obtain a higher input Voltage range when using a small Vrgg volt-
age, or to measure input voltages that are between Vggr and Vpp. Gain settings for the ADC are con-
trolled by the AMPOGN bit in register ADCOCF.
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5.3. 8-Bit Mode

Setting the ADCO8BE bit in register ADCOCF to 1 will put the ADC in 8-bit mode.In 8-bit mode, only the
8 MSBs of data are converted, allowing the conversion to be completed in two fewer SAR clock cycles
than a 10-bit conversion. This can result in an overall lower power consumption since the system can
spend more time in a low power mode. The two LSBs of a conversion are always 00 in this mode, and the
ADCOL register will always read back 0x00.

5.4. 12-Bit Mode

CB8051F96x devices have an enhanced SAR converter that provides 12-bit resolution while retaining the
10- and 8-bit operating modes of the other devices in the family. When configured for 12-bit conversions,
the ADC performs four 10-bit conversions using four different reference voltages and combines the results
into a single 12-bit value. Unlike simple averaging technigues, this method provides true 12-bit resolution
of ac or dc input signals without depending on noise to provide dithering. The converter also employs a
hardware Dynamic Element Matching algorithm that reconfigures the largest elements of the internal DAC
for each of the four 10-bit conversions to cancel the any matching errors, enabling the converter to achieve
12-bit linearity performance to go along with its 12-bit resolution. For best performance, the Low Power
Oscillator should be selected as the system clock source while taking 12-bit ADC measurements.

The 12-bit mode is enabled by setting the AD012BE bit (ADCOAC.7) to logic 1 and configuring Burst Mode
for four conversions as described in Section 5.2.3. The conversion can be initiated using any of the meth-
ods described in Section 5.2.1, and the 12-bit result will appear in the ADCOH and ADCOL registers. Since
the 12-bit result is formed from a combination of four 10-bit results, the maximum output value is 4 x (1023)
= 4092, rather than the max value of (2212 — 1) = 4095 that is produced by a traditional 12-bit converter. To
further increase resolution, the burst mode repeat value may be configured to any multiple of four conver-
sions. For example, if a repeat value of 16 is selected, the ADCO output will be a 14-bit number (sum of
four 12-bit numbers) with 13 effective bits of resolution.
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5.5. Low Power Mode

The SAR converter provides a low power mode that allows a significant reduction in operating current
when operating at low SAR clock frequencies. Low power mode is enabled by setting the ADOLPM bit
(ADCOPWR.7) to 1. In general, low power mode is recommended when operating with SAR conversion
clock frequency at 4 MHz or less. See the Electrical Characteristics chapter for details on power consump-
tion and the maximum clock frequencies allowed in each mode. Setting the Low Power Mode bit reduces
the bias currents in both the SAR converter and in the High-Speed Voltage Reference.

Table 5.1. Representative Conversion Times and Energy Consumption for the SAR ADC
with 1.65 V High-Speed VREF

Normal Power Mode Low Power Mode
8 bit 10 bit 12 bit 8 bit 10 bit 12 bit
Highest nominal 8.17 MHz 8.17 MHz 6.67 MHz 4.08 4.08 4.00 MHz
SAR clock (24.5/3) (24.5/3) (20.0/3) MHz MHz (20.0/5)
frequency (24.5/6) (24.5/6)
Total number of 11 13 52 (13 x 4) 11 13 52 (13*4)
conversion clocks
required
Total tracking time 1.5 us 1.5 ps 4.8 us 1.5pus 1.5pus 4.8 us
(min) (1.5+3x1.1) (1.5+3x 1.1)
Total time for one 2.85 s 3.09 ps 12.6 us 4.19 ps 4.68 us 17.8 us
conversion
ADC Throughput 351 ksps 323 ksps 79 ksps 238 ksps | 214 ksps 56 ksps
Energy per 8.2nd 8.9nd 36.5nJ 6.5nJ 7.3nd 27.7nd
conversion
Note: This table assumes that the 24.5 MHz precision oscillator is used for 8- and 10-hit modes, and the 20 MHz
low power oscillator is used for 12-bit mode. The values in the table assume that the oscillators run at their
nominal frequencies. The maximum SAR clock values given in Table 4.12 allow for maximum oscillation
frequencies of 25.0 MHz and 22 MHz for the precision and low-power oscillators, respectively, when using
the given SAR clock divider values. Energy calculations are for the ADC subsystem only and do not include
CPU current.
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SFR Definition 5.1. ADCOCN: ADCO Control

Bit 7 6 5 4 3 2 1 0
Name | ADOEN |[BURSTEN| ADOINT |ADOBUSY | ADOWINT ADCOCM[2:0]
Type R/W R/W R/W w R/W R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxEB8; bit-addressable;
Bit Name Function
7 ADOEN ADCO Enable.
0: ADCO Disabled (low-power shutdown).
1: ADCO Enabled (active and ready for data conversions).
6 BURSTEN |ADCO Burst Mode Enable.
0: ADCO Burst Mode Disabled.
1: ADCO Burst Mode Enabled.
5 ADOINT ADCO Conversion Complete Interrupt Flag.
Set by hardware upon completion of a data conversion (BURSTEN=0), or a burst
of conversions (BURSTEN=1). Can trigger an interrupt. Must be cleared by soft-
ware.
4 ADOBUSY |ADCO Busy.
Writing 1 to this bit initiates an ADC conversion when ADCOCM[2:0] = 000.
3 ADOWINT |ADCO Window Compare Interrupt Flag.
Set by hardware when the contents of ADCOH:ADCOL fall within the window speci-
fied by ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL. Can trigger an interrupt.
Must be cleared by software.
2:0 | ADCOCMI[2:0] | ADCO Start of Conversion Mode Select.
Specifies the ADCO start of conversion source.
000: ADCO conversion initiated on write of 1 to ADOBUSY.
001: ADCO conversion initiated on overflow of Timer 0.
010: ADCO conversion initiated on overflow of Timer 2.
011: ADCO conversion initiated on overflow of Timer 3.
1xx: ADCO conversion initiated on rising edge of CNVSTR.
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SFR Definition 5.2. ADCOCF: ADCO Configuration

Bit 7 6 5 4 3 2 1 0
Name ADOSCJ4:0] ADOSBE | ADOTM | AMPOGN
Type R/W R/W R/W R/W
Reset 1 1 1 1 1 0 0 0

SFR Page = 0x0; SFR Address = 0xBC
Bit Name Function
7:3 | ADOSC[4:0] | ADCO SAR Conversion Clock Divider.
SAR Conversion clock is derived from FCLK by the following equation, where
ADOSC refers to the 5-bit value held in bits ADOSC[4:0]. SAR Conversion clock
requirements are given in Table 4.12.
BURSTEN = 0: FCLK is the current system clock.
BURSTEN = 1: FCLK is the 20 MHz low power oscillator, independent of the system
clock.
FCLK
ADOSC = FCLK _ 1~
CLKSAR
*Round the result up.
or
FCLK
CLK = —
SAR = ADOSC +1
2 ADO8SBE |ADCO 8-Bit Mode Enable.
0: ADCO operates in 10-bit mode (normal operation).
1: ADCO operates in 8-bit mode.
1 ADOTM |ADCO Track Mode.
Select