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Ultra Low Power 128K, LCD MCU Family

Ultra Low Power Consumption at 3.6V

12-B

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

110 nA sleep current w/ data retention; POR monitor
enabled

400 nA sleep mode with SmaRTClock

(internal LFO)

700 nA sleep mode with SmaRTClock (ext. crystal)
2 ps wakeup time; 1.5 pA analog settling time

it; 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 pA; source and sink capability
Enhanced resolution via PWM interpolation

Integrated LCD Controller

Met

Supports up to 128 segments (32x4)

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

Integrated charge pump for contrast control
ering-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

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

Up to 8 kB internal data RAM

tal Peripherals

57 or 34 port I/O; All 5 V tolerant with high sink
current and programmable drive strength
Hardware SMBus™ (IZCT"’I 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 kB, 64 kB, 32 kB, or 16 kB of on-chip flash memory

8448 or 4352 bytes of on-chip RAM

128 Segment LCD Driver

SMBus/I2C, 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 stand-alone 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 S PO.2/XTALL
Program Memor UART
Reset 9 Yy Port 0 | PO.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 K 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 CQF parators

Figure 1.1. C8051F960 Block Diagram

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

Controller Core — " X
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
l— Timers 0, Drivers <] P0.4/TX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,2,3 - 5 PO.5/RX
Programming N Priority <] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar S PO.7/IREFO
I: WDT Decoder v 5] P1.0/PCO
c2D X
DWA [CSWBus Je-r X P1spct
T RO [ smBus ] <] P1.2/XTAL3
VBAT [X Ergine SPI01 e || Port1 X P1.3IXTAL4
9 Drivers D P1.4
AES [ Crossbar Control | X P1.5
vDC [X] Engine X P1.6
| LCD (up to 4x32) b X P1.7
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 L,| Analog Peripherals Xl P2.6
vLCD 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 —>|  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 1.2. 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 ] P0O.2/XTALL
Program Memor UART
Reset 9 Yy Port 0 | PO.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

Power On CIP-51 8051 N Port /O Configuration ——
ResetPMU Controller Core Digital Peripherals % Eg:(l);xgﬁg
128k Byte ISP Flash
ok Psm yle |SP Flas UART |« X PO.2/XTALL
Reset gram Memory Port 0 D PO.3/XTAL2
—_— [ Timers 0, Drivers <] P0.4/TX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,2,3 - 5 PO.5/RX
Programming N Priority ] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar 5 PO.7/IREFO
I: WDT Decoder v 5] P1.0/PCO
c2p X
DA [SuEs o X piipct
VBAT CRC <] P1.2/XTAL3
VBAT [X Ergine SPI01 e || Port1 X P1.3IXTAL4
9 Drivers D P1.4
voe & AES [ Crossbar Control | 5 P15
Engine D] P1.6
SFR - X P1.7
VBATDC X~ pc/pc ] P2.0
IND X4 “Buck” S Bus | EMIF |" X P2.1
Converter — ] P2.2
Precision | Pulse Counter |-> Port 2 < P2.3
GNDDC |Z—<L 245MHz || > Do & P24
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 ADC
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 | PO.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 ™ 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 CQF 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
l— Timers 0, Drivers D] P0.4ITX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,2,3 - 5 PO.5/RX
Programming N Priority <] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar S PO.7/IREFO
I: WDT Decoder v 5] P1.0/PCO
c2D ’
DWA [CSWBus Je-r X P1spct
T RO [ smBus ] <] P1.2/XTAL3
VBAT [X Ergine SPI01 e || Port1 X P1.3IXTAL4
9 Drivers D P1.4
AES [ Crossbar Control | X P1.5
vDC [X] Engine X P1.6
| LCD (up to 4x32) b X P1.7
v
vBATDC X peipc SFR X P2.0
IND XIH  “Buck” Svne Bus | EMIF |" S P2.1
Converter — D] P2.2
Precision | Pulse Counter |-> Port 2 ] P2.3
GNDDC [X] 24.5MHz [ || Por = o
Oscillator Drivers = P2.5
Low Power L,| Analog Peripherals Xl P2.6
vLCD 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 —> Circuit 12-bit /I St-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 | PO.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 ™ 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

Bower on CIP-51 8051 N Port I/0 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 P0.3/XTAL2
—_— [ Timers 0, Drivers <] P0.4/TX
cch/RsﬂzJ—» Debug / 256 Byte SRAM 1,2,3 - 5 PO.5/RX
Programming N Priority ] P0.6/CNVSTR
Hardware 8092 Byte XRAM PCA/ Crossbar 5 PO.7/IREFO
Decoder v
— woT | P1.0/PCO
DMA [S™Bus J«| | P1.1/PC1
VEAT CRC <] P1.2/XTAL3
VBAT [X Ergine SPI0,L J«>| || Port1 X P1.3/XTAL4
gi Drivers D P1.4
voe & AES [ Crossbar Control | 5 P15
Engine D] P1.6
| LCD (up to 4x32) b 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 B pons = P23
GNDDC [X] 245MHz | > Do X P2.4
Oscillator Drivers = P2.5
Low Power L,| Analog Peripherals Xl P2.6
vLCD 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 Cpflvcp% )
Configuration Cohparators
Figure 1.8. C8051F967 Block Diagram
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,ml CIP-51 8051 | Port /O Configuration —— e
P0.0/VREF
Controller Core — -
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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-to-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, 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 490 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 356 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 356 for more information on Port 1/O operating modes and the electrical specifications chap-
ter for detailed electrical specifications.
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! - PnMDIN Registers EX0 and EX1
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sPi0 | 4, s 474._“ 110
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2 4 8 P2 . ] P20
T Digital < »1 1/0 .
= CPO .
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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 1/0 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
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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.
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Figure 1.13. ADCO Functional Block Diagram
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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 0 (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 283 and the Section “19. Power Management” on page 262 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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2. Ordering Information

Table 2.1. Product Selection Guide
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o S|t | |al<|9|6|55|45|F|2|SE|& g
CB8051F960-A-GM | 251288448 |57 | v |128| v |1 |1 |2 |4 |6 16 2 DQFN-76 (6x6)
CB8051F960-A-GQ | 251|128 (8448|57| v |128| v |1 |1 |2 |4 |6 16 2 | TQFP80 (12x12)
C8051F961-A-GM | 25128 (8448|34| v | 36 | v |1 |1 |2 |4 |6 16 2 QFN-40 (6x6)
CB8051F962-A-GM | 25128 (8448|57| v| — | v |1 |1 |2 |4 |6 16 2 DQFN-76 (6x6)
CB8051F962-A-GQ | 251|128 (8448|57| v | — | v |1 |1 |2 |4 |6 16 2 | TQFP80 (12x12)
CB8051F963-A-GM | 251|128 (8448|34| v | — | v |1 |1 |2 |4 |6 16 2 QFN-40 (6x6)
CB8051F964-A-GM | 25| 64 |8448|57| v |128| v |1 |1 |2 |4 |6 16 2 DQFN-76 (6x6)
CB8051F964-A-GQ | 25| 64 [8448|57| v |128| v |1 |1 |2 |4 |6 16 2 | TQFP80 (12x12)
C8051F965-A-GM | 25| 64 |8448|34| v | 36 | v |1 |1 |2 |4 |6 16 2 QFN-40 (6x6)
CB8051F966-A-GM | 25| 32 |8448|57| v |128| v |1 |1 |2 |4 |6 16 2 DQFN-76 (6x6)
CB8051F966-A-GQ | 25| 32 [8448|57| v |128| v |1 |1 |2 |4 |6 16 2 | TQFP80 (12x12)
C8051F967-A-GM | 25| 32 (8448(34| v | 36 | v |1 |1 |2 |4 |6 16 2 QFN-40 (6x6)
CB8051F968-A-GM | 25| 16 [4352|57| v |128| v |1 |1 |2 |4 |6 16 2 DQFN-76 (6x6)
CB8051F968-A-GQ | 25| 16 [4352|57| v |128| v |1 |1 |2 |4 |6 16 2 | TQFP80 (12x12)
C8051F969-A-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).
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3. Pinout and Package Definitions

Table 3.1. Pin Definitions for the C8051F96x

Pin Numbers o
Name Type |Description
DQFN76| TQFP80 | QFN40
VBAT A5 8 5 P In |Battery Supply Voltage. Must be 1.8 to 3.6 V.
VBATDC A6 10 5 PIn |DCO Input Voltage. Must be 1.8 to 3.6 V.

VDC A8 14 8 P In |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.

P Out |Positive output of the dc-dc converter. A 1uF to 10uF
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 A 12 7 P In |DC-DC converter return current path. This pin is typically
tied to the ground plane.

GND B6 13,64,66 7 G Required Ground.

,68
IND B5 11 6 PIn |DC-DC Inductor Pin. This pin requires a 560 nH inductor to
VDC if the DC-DC converter is used.

VIO B4 9 5 PIn [I/O Power Supply for P0.0-P1.4 and P2.4—-P7.0 pins. This
supply voltage must always be < VBAT.

VIORF B7 15 8 PIn [I/O Power Supply for P1.5-P2.3 pins. This supply voltage
must always be < VBAT.

RST/ A9 16 9 D I/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 us. A 1 kQ to 5 kQ pullup
to Vpp is recommended. See Reset Sources Section for a
complete description.

C2CK D /o |Clock signal for the C2 Debug Interface.

pP7.0/ Al10 17 10 D I/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 I/O Section for a complete
description.

c2D D I/o |Bi-directional data signal for the C2 Debug Interface.

VLCD A32 61 32 P 1/0 |LCD Power Supply. This pin requires a 10 yuF capacitor to
stabilize the charge pump.
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Table 3.1. Pin Definitions for the C8051F96x (Continued)
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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 description.
Aln
VREF Aln External VREF Input.
A Out [Internal Vrge Output. External Vg 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 description.
Aln
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 description.
Aln
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 description.
Aln
XTAL2 A Out |External Clock Output. This pin is the excitation driver for an
external crystal or resonator.
D In  |External Clock Input. This pin is the external clock input in
external CMOS clock mode.
A In |External Clock Input. This pin is the external clock input in
capacitor or RC oscillator configurations.
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 description.
Aln
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 description.
Aln
RX DIn |UART RX Pin. See Port I/O Section.
PO0.6 A38 76 38 D I/O or [Port 0.6. See Port I/O Section for a complete description.
Aln
CNVSTR D In  |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 description.
Aln
IREFO A Out |IREFO Output. See IREF Section for complete description.
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers

Name Type |Description
DQFN76| TQFP80 | QFN40
P1.0 A36 72 36 D I/O or |Port 1.0. See Port I/O Section for a complete description.
Aln |May also be used as SCK for SPIO.
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 description.
Aln |May also be used as MISO for SPIO.
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 description.
Aln |May also be used as MOSI for SPIO.
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 description.
Aln |May also be used as NSS for SPIO.
XTAL4 A Out |SmaRTClock Oscillator Crystal Output.
P1.4 A31 60 31 D I/O or |Port 1.4. See Port I/O Section for a complete description.
Aln
P1.5 A30 57 30 D I/O or |Port 1.5. See Port I/O Section for a complete description.
Aln
P1.6 A29 56 29 D I/O or |Port 1.6. See Port I/O Section for a complete description.
Aln
P1.7 A28 54 28 D I/O or |Port 1.7. See Port I/O Section for a complete description.
Aln
P2.0 A27 53 27 D I/O or |Port 2.0. See Port I/O Section for a complete description.
Aln
p2.1 A26 49 26 D I/O or |Port 2.1. See Port I/O Section for a complete description.
Aln
p2.2 A25 48 25 D I/O or |Port 2.2. See Port I/O Section for a complete description.
Aln
pP2.3 A24 47 24 D I/O or |Port 2.3. See Port I/O Section for a complete description.
Aln
pP2.4 A23 46 23 D I/O or |Port 2.4. See Port I/O Section for a complete description.
Aln
COMO A O |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 description.
Aln
COM1 A O |LCD Common Pin 1 (Backplane Driver)
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Table 3.1. Pin Definitions for the C8051F96x (Continued)
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Pin Numbers I
Name Type |Description
DQFN76| TQFP80 | QFN40
P2.6 A21 43 21 D I/O or |Port 2.6. See Port I/O Section for a complete description.
Aln
COM2 A O |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 description.
Aln
COM2 A O |LCD Common Pin 3 (Backplane Driver)
P3.0 Al19 39 19 D I/O or |Port 3.0. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD1 AO |LCD Segment Pin 1
P3.2 Al7 36 17 D I/O or |Port 3.2. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD3 AO |LCD Segment Pin 3
P3.4 Al15 32 15 D I/O or |Port 3.4. See Port I/O Section for a complete description.
Aln
LCD4 AO |LCD SegmentPin4
P3.5 Al4 28 14 D I/O or |Port 3.5. See Port I/O Section for a complete description.
Aln
LCD5 AO |LCD Segment Pin5
P3.6 Al3 26 13 D I/O or [Port 3.6. See Port I/O Section for a complete description.
Aln
LCD6 AO |LCD Segment Pin 6
P3.7 Al12 24 12 D I/O or |Port 3.7. See Port I/O Section for a complete description.
Aln
LCD7 AO |LCD Segment Pin7
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers

Name Type |Description
DQFN76| TQFP80 | QFN40
P4.0 A1l 23 11 D I/O or |Port 4.0. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD9 AO |LCD SegmentPin 9
P4.2 B2 5 D I/O or |Port 4.2. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD11 AO |LCD SegmentPin 11
P4.4 D1 80 D I/O or |Port 4.4. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD13 AO |LCD SegmentPin 13
P4.6 B27 75 D I/O or |Port 4.6. See Port I/O Section for a complete description.
Aln
LCD14 AO |LCD SegmentPin 14
P4.7 B26 73 D I/O or |Port 4.7. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD16 AO |LCD SegmentPin 16
P5.1 B24 69 D I/O or |Port 5.1. See Port I/O Section for a complete description.
Aln
LCD17 AO |LCD SegmentPin 17
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Table 3.1. Pin Definitions for the C8051F96x (Continued)
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Pin Numbers I
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 description.
Aln
LCD18 AO |LCD SegmentPin 18
P5.3 B22 62 D I/O or |Port 5.3. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD20 A O |LCD Segment Pin 20
P5.5 B21 55 D I/O or |Port 5.5. See Port I/O Section for a complete description.
Aln
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 description.
Aln
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 description.
Aln
LCD23 A O |LCD Segment Pin 23
P6.0 B14 40 D I/O or |Port 6.0. See Port I/O Section for a complete description.
Aln
LCD24 A O |LCD SegmentPin 24
P6.1 B13 37 D I/O or |Port 6.1. See Port I/O Section for a complete description.
Aln
LCD25 AO LCD Segment Pin 25
P6.2 B12 35 D I/O or [Port 6.2. See Port I/O Section for a complete description.
Aln
LCD26 A O |LCD Segment Pin 26
P6.3 B11 33 D I/O or |Port 6.3. See Port I/O Section for a complete description.
Aln
LCD27 A O |LCD Segment Pin 27
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Table 3.1. Pin Definitions for the C8051F96x (Continued)

Pin Numbers

Name Type |Description
DQFN76| TQFP80 | QFN40
P6.4 B10 29 D I/O or |Port 6.4. See Port I/O Section for a complete description.
Aln
LCD28 A O |LCD Segment Pin 28
P6.5 B9 27 D I/O or |Port 6.5. See Port I/O Section for a complete description.
Aln
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 description.
Aln
LCD30 A O |LCD Segment Pin 30
P6.7 D2 18 D I/O or |Port 6.7. See Port I/O Section for a complete description.
Aln
LCD31 AO |LCD Segment Pin 31
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P0.4/ PO.5/ PO.6/ PO.7/ PL1LO/ P11 P12/ P13/

TX  RX CNVSTRIREFO PCO PCl XTAL3 XTAL4 YLCP P14
P4.4/ P5.4/
LcD12 | [D1]| |[Ad0| [A39| [A38| [A37| [A36| |A35( |A34| |A33| |A32| |A31| |D4|| cp2o
PO.3/ | 0q 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
0.0/ LCD10 NC
: Ad A27 P2.0
VREF P4y
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/
oop | |A19] [D6 BS Bo| |B1o| |B11| [B12| [B13| |B14 D7 | [A21f| G
P6.7/ P5.7/
D2| |A11] [A12| |A13| |Aa14| |A1s5| |A1e| |Aa17| |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 V-CD PL4
40( |39 |[38| 37| [36] |35| |34 [33]| [32| |32
P0.3/

a2 | | 1 30 P15
P0.2/
wras || 2 29 P16
PO.1/

o || 3 28 P17
P0.0/
vrer | | 4 27 P2.0
VBAT/

VBATDC]| | 26 P21
e C8051F961/3/5/7/9 - GM

IND || 6 25 P2.2
GND/

ool | 7 24| P23
VDC/ P2.4/
VIoRF | | 8 21| como
RST/ P2.5/
czek | [° 22]| com
P7.0/ P2.6/
cp | [ 2] comz

11| (12| |13| [24]| [25| |26 [27] |28| |29| (=20

P4.0/ P3.7/ P3.6/ 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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PO.3/XTAL2 [ 1 |
P0O.2/XTALL [ 2 |
P4.3/LCD11 [ 3|
PO.1/AGND [ 4 |
P4.2/LCD10 [ 5 |
PO.O/VREF [ 6 |
P4.1/L.CD9 [ 7 |

VBAT [ 8 |
VIO [9]
VBATDC [ 10|
IND [11 ]
GNDDC [12]
GND [13]
vDC [14 ]
VIORF [15 |

RST/C2CK [16]
P7.0/C2D [17 |
P6.7/LCD31 [ 18 |
NC [19]

NC [20]
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Figure 3.3. TQFP-80 Pinout Diagram (Top View)
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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
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P2.5/COM1
P5.6/LCD22
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3.1. DQFN-76 Package Specifications
3.1.1. Package Drawing

S [bbb]C[E]
@ ol D2
PIN Al LD. A
oy (LASER MARK)\ f=—— D/2 —=y 02/2 PIN A1 1D
[£2[oc0[c]A] L
\O EEE EEE EEEEER
B ) ol R ()
[
£/2 U 1
E2/2
[E] * — + D% | I
B
‘ =
b e
T@ HEE =
E@mmllhl@-ll
76X bxb
[c] [ oo @]c[A[z]
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
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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 vias 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 laser 0.150 mm (6 mil) laser drilled.
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3.2. QFN-40 Package Specifications
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Detail 1 Detail 2
Pin—1 Identifier Perimeter Lead Form

3 | Lt [/)///
Option 1 Option 2

Option 1 Option 2 Option 3 Edge Exposed Edge Pull-Back

Irregular Corner Corner Square Irregulor Edge
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

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

Table 3.6. QFN-40 Landing Diagram Dimensions

Dimension Min Max Dimension Min Max
C1 5.80 5.90 X2 4.10 4.20
Cc2 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

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.

Solder Mask Design

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.

Stencil Design

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
pad.

Card Assembly

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
Components.
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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

_|GAGE PLANE

e

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
0] 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.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This package outline conforms to JEDEC MS-026, variant ADD.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020
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 pm 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.

. B
@ Rev. 0.3 55

SILICON LABS



C8051F96x

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

all Port Pins

Parameter Conditions Min Typ Max Units
Ambient Temperature under Bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on any VIO Port I/0 Pin -0.3 — VIO + 2 Y
(all Port 1/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

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 Conditions Min | Typ | Max | Units

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 | Conditions | Min | Typ | Max | Units

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 | Conditions | Min | Typ | Max | Units

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 | 6.2 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 —_— }JA
(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 rEAUEIeY 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 =24.5 MHz — 3.9 -- mA
(includes precision oscillator current)
Vgat = 1.8-3.8V, F =20 MHz — 3.1 — mA
(includes low power oscillator current)
Vgar = 1.8V, F=1MHz — 165 — HA
Vear = 3.8V, F=1MHz — 180 — A
(includes external oscillator/GPIO current)
I Frequenc — | TBD | — A/MHz
BAT FTEd s Y Vpar = 1.8-3.8V, 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 ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

Digital Supply Current—Idle Mode
(CPU Inactive, not Fetching Instructions from Flash)

No aMwd

|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 — A
VBAT =3.8 V, F=1MHz — 360 —_— HA
(includes external oscillator/GPIO current)
Vgar =1.8-3.8V, 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 ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

Digital Supply Current— Low Power Idle Mode, All peripheral clocks enabled (PCLKEN = 0x0F)

(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 = 1.8-3.8V, 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)
Vgat =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)
Isat 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 ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
Digital Supply Current—Sleep Mode (LCD Enabled, RTC enabled)
Digital Supply Current 1.8V, T =25 °C, static LCD — 0.4 — A
(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 — o7 | = 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 — A
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:

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 = OxOF.

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

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

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

Parameter Conditions Min | Typ | Max | Units
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 —

Notes:

No oMo

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 ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

Digital Supply Current—Sleep Mode (LCD disabled, RTC enabled)
Digital Supply Current 1.8V, T=25°C — 040 |— A
(Sleep Mode, SmaRTClock 3.0V, T=25°C — 0.60 |—
running, 32.768 kHz crystal) 36V, T=25°C — 0.70 |—

1.8V, T=85°C _ 156 |_

3.0V, T=85°C . 238 |

36V, T=85°C 2.79

(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 — 0.30 —
running, internal LFO) 36V, T=25°C — 0.40 —

1.8V, T=85°C — 130 | _

30V, T=85°C 206 |

36V, T=85°C 241

(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 — 0.07 —

36V, T=25°C — 0.11 —

1.8V, T=85°C _ 1.13 —

30V, T=85°C L 1.83 o

36V, T=85°C 2.25

(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 — 0.03 —

18V, T=85°C — TBD —

30V, T=85°C — TBD —

36V, T=85°C — TBD —
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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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.

=

SILICON LABS

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, PnNDRV.n =1
oL = 8.5 mA . o 0.6
loL =10 pA — — 0.1
loL =25 mA — See Chart —
\%
Low Drive Strength, PnDRV.n =0
oL = 1.4 mA — — 0.6
loL = 10 pA — — 0.1
lo, =4 MA — See Chart —
Input High Voltage |Vgat=2.0t03.8V Vio—0.6 — — \Y
Vegar=1.8t02.0V 0.7 x Vo — — \Y;
Input Low Voltage |Vgar=2.0t03.8V — — 0.6 \Y,
Vgar=1.8t02.0V — — 0.3x Vg \Y;
Weak Pullup Off
Weak Pullup On, Vi =0V, — — *1
o V=18V — | e = e
Weak Pullup On, Vin =0V, — 20 35
Vgar = 3.8V
Rev. 0.3 65




C8051F96x

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
E 2.1 A

1.8 +

154

1.2

9 S WD W SR

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 =3.0vV
1.2 A
— VDD =24V
(0]
(2]
% 0.9 — 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)
1.8
— VDD =3.6V
1.5 A
— VDD =3.0v
1.2 A
— VDD =24V
(0]
[=))
£ 09 A — VDD =18V
(=]
>
0.6 1
O 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 = 1.810 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 BT — ] — v
0.7 x
Vgar=1.8t02.0V — — Y,
BAT VBaT
RST Input Low Voltage Vgar=2.0t03.8V — — 0.6 \Y
0.3 x
\% =18to2.0V — — V
BAT Vear
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 Wgrnmg 1.8 1.85 1.9 v

(VksT) 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 (Vgar Falling) 045 | 0.7 1.0 v
(Vpor) Recovery from Brownout (Vgat Rising) — 1.75 —
MlSSlng 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 Whlqh 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
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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 2 — 3 SYSCLKs
Suspend Mode Wake-up Time CLKDIV = 0x00 — 400 — ns
Low Power or Precision Osc.
Sleep Mode Wake-up Time — 2 — VS

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 K

*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

PRY No separate bias current — 100* — WA
(from VBAT) .
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 . +el 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

. ] ] o 12-bit mode 62 65 —
Signal-to-Noise Plus Distortion 10-bit mode 54 58 — dB
_ . 12-bit mode — 76 —
Signal-to-Distortion 10-bit mode — 73 — dB
_ _ 3 12-bit mode — 82 —
Spurious-Free Dynamic Range 10-bit mode — 75 — dB
Conversion Rate
. Normal Power Mode — — 8.33
SAR Conversion Clock Low Power Mode _ _ 4.4 MHz
. L 10-bit Mode 13 — —
Conversion Time in SAR Clocks 8-bit Mode 1 . . clocks
Initial Acquisition 15 o _
Track/Hold Acquisition Time Subsequent Acquisitions (DC 1'1 . . us
input, burst mode) '
Throughput Rate ﬁg:: 2232 : : 37050 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 — VAT \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 —
(VgaT supplied to ADCO0) Low Power Mode: MA
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 t0 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 — HA
External Reference (REFSL[1:0] = 00, REFOE = 0)
Input Voltage Range 0 — VgaT Y
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'ﬁzvfggjvrgr'\:ﬂ%ddee"ss?ﬁlice 093 - VB’\*/TB/:TO'S 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?xvgerzg/lﬁie — <+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) IREFODAT = 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 .
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 — Hts
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 — mV
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 — MA
Rev. 0.3 75
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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 = 1.8 10 3.8 V; T =—40 to +85 °C unless otherwise specified; Using factory-calibrated settings.
Parameter Conditions Min Typ Max Units
18V — 145 —
Supply Current 2.2V — 175 — A
(25 °C, 2 ms sample rate) 3.0V — 235 —
38V — 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 35 V
Output Power Vpc =1.8103.0 V. — — 250 | mw
Vgat 2 Vpe + 0.5.
Output Load Current — — 85 mA
Inductor Value! 0.47 0.56 0.68 HH
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 HUF
Input Capacitor? — 4.7 — UF
o Load C Target output = 1.8 to 3.0 V3 - - 85°
utput Load Current Target output = 3.1 V3 _ _ 703
(based on output power Target outout = 3.3 V3 — — 503 mA
specification) 9 put= .2 v, _ _ i
Target output = 3.5V - - 10
Output=1.9V,
Load Regulation Load current up to 85 mA; — 0.03 — mv/mA
Supply range = 2.4-3.8 V
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 pH)

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 O0x3FFO0 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.
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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
VRrerg X 1023/1024 Ox07F7 OxOFFC Ox1FF8
VREer X 512/1024 0x0400 0x0800 0x1000
Vger 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 448 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 356 for details on Port I/O 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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A. ADCO Timing for External Trigger Source

CNVSTR
(ADOCM[2:0]=100)

123456 7 8 91011121314

SAR Clocks | |

ADOTM=1 Low Power Track Convert Low Power
or Convert Mode
ADOTM=0 Track or Convert Convert Track

Write 1" to ADOBUSY. B. ADCO Timing for Internal Trigger Source

Timer O, Timer 2,

Timer 1, Timer 3 Overflow ~— ——a
(ADOCM[2:0]=000, 001,010 |_|
011, 101)

123456 7 8 91011121314 151617
e TN

Clocks

Low Power

ADOTM=1 | - Convert Track Convert Low Power Mode

123456 7 8 91011121314
e R

Clocks

Track or

ADOTM=0 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= |”(§) x RroraLCsampLE

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)
tis 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 techniques, 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 ps 1.5 ps 4.8 us 1.5pus 1.5pus 4.8 ys
(min) (1.5+3 x 1.1) (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 36.5nd 6.5nJ 7.3nd 27.7nd
conversion

CPU current.

Note: This table assumes that the 24.5 MHz precision oscillator is used for 8- and 10-bit 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
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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 = All Pages; SFR Address = OxES8; 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] ADO8SBE | 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~
*Round the result up.
or
FCLK
CLK P —
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.
Selects between Normal or Delayed Tracking Modes.
0: Normal Track Mode: When ADCO is enabled, conversion begins immediately fol-
lowing the start-of-conversion signal.
1: Delayed Track Mode: When ADCO is enabled, conversion begins 3 SAR clock
cycles following the start-of-conversion signal. The ADC is allowed to track during
this time.

0 AMPOGN |ADCO Gain Control.

0: The on-chip PGA gain is 0.5.
1: The on-chip PGA gain is 1.
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SFR Definition 5.3. ADCOAC: ADCO Accumulator Configuration

Bit 7 6 5 4 3 2 1 0
Name | ADO12BE | ADOAE ADO0SJSTI[2:0] ADORPT[2:0]
Type RIW W RIW R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxBA
Bit Name Function
7 ADO12BE |ADCO 12-Bit Mode Enable.

Enables 12-bit Mode.
0: 12-bit Mode Disabled.
1: 12-bit Mode Enabled.

6 ADOAE ADCO Accumulate Enable.

Enables multiple conversions to be accumulated when burst mode is disabled.
0: ADCOH:ADCOL contain the result of the latest conversion when Burst Mode is
disabled.

1: ADCOH:ADCOL contain the accumulated conversion results when Burst Mode
is disabled. Software must write 0x0000 to ADCOH:ADCOL to clear the accumu-
lated result.

This bit is write-only. Always reads Ob.

5:3 | ADOSJST[2:0] | ADCO Accumulator Shift and Justify.

Specifies the format of data read from ADCOH:ADCOL.
000: Right justified. No shifting applied.

001: Right justified. Shifted right by 1 bit.

010: Right justified. Shifted right by 2 bits.

011: Right justified. Shifted right by 3 bits.

100: Left justified. No shifting applied.

All remaining bit combinations are reserved.

2:0 | ADORPT[2:0] |ADCO Repeat Count.

Selects the number of conversions to perform and accumulate in Burst Mode.
This bit field must be set to 000 if Burst Mode is disabled.

000: Perform and Accumulate 1 conversion.

001: Perform and Accumulate 4 conversions.

010: Perform and Accumulate 8 conversions.

011: Perform and Accumulate 16 conversions.

100: Perform and Accumulate 32 conversions.

101: Perform and Accumulate 64 conversions.

All remaining bit combinations are reserved.
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SFR Definition 5.4. ADCOPWR: ADCO Burst Mode Power-Up Time

Bit 7 6 5 4 3 2 1 0
Name | ADOLPM ADOPWR[3:0]
Type R/W R R R R/W
Reset 0 0 0 0 1 1 1 1
SFR Page = OxF; SFR Address = OxBA
Bit Name Function
7 ADOLPM ADCO Low Power Mode Enable.
Enables Low Power Mode Operation.
0: Low Power Mode disabled.
1: Low Power Mode enabled.
6:4 Unused Read = 0000b; Write = Don’t Care.
3:0 | ADOPWR[3:0] | ADCO Burst Mode Power-Up Time.

Sets the time delay required for ADCO to power up from a low power state.
For BURSTEN = 0:
ADCO power state controlled by ADOEN.
For BURSTEN =1 and ADOEN = 1:
ADCO remains enabled and does not enter a low power state after
all conversions are complete.
Conversions can begin immediately following the start-of-conversion signal.
For BURSTEN = 1 and ADOEN = O:
ADCO enters a low power state after all conversions are complete.
Conversions can begin a programmed delay after the start-of-conversion signal.

The ADCO Burst Mode Power-Up time is programmed according to the following
equation:

ADOPWR = 1startup
400ns
or
Tstartup = (ADOPWR + 1)400ns

Note: Setting ADOPWR to 0x04 provides a typical tracking time of 2 us for the first sample
taken after the start of conversion.
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SFR Definition 5.5. ADCOTK:

ADCO Burst Mode Track Time

conversion.

conversion should be met by the Burst Mode Power-Up Time.

Bit 7 6 5 4 3 2 0
Name ADOTK[5:0]
Type R R R/W
Reset 0 0 0 1 1 1 0
SFR Page = 0xF; SFR Address = 0xBB
Bit Name Function
7 Reserved |Read = Ob; Write = Must Write Ob.
6 Unused |Read = Ob; Write = Don’t Care.
5:0 | ADOTK]5:0] |ADCO Burst Mode Track Time.
Sets the time delay between consecutive conversions performed in Burst Mode.
The ADCO Burst Mode Track time is programmed according to the following equa-
tion:
ADOTK = 63 - (T1a%k_y)
50ns
or
Ttrack = (64 — ADOTK)50ns
Notes:

. IfADOTM is set to 1, an additional 3 SAR clock cycles of Track time will be inserted prior to starting the

. The Burst Mode Track delay is not inserted prior to the first conversion. The required tracking time for the first
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SFR Definition 5.6. ADCOH: ADCO Data Word High Byte

Bit 7 6 5 4 3 2 1 0
Name ADCO[15:8]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxBE
Bit Name Description Read Write
7:0 | ADCO[15:8] | ADCO Data Word High Most Significant Byte of the | Set the most significant
Byte. 16-bit ADCO Accumulator |byte of the 16-bit ADCO

formatted according to the | Accumulator to the value
settings in ADOSJST[2:0]. |written.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be zeros. This register
should not be written when the SYNC bit is set to 1.

SFR Definition 5.7. ADCOL: ADCO Data Word Low Byte

Bit 7 6 5 4 3 2 1 0
Name ADCO[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xBD;
Bit Name Description Read Write
7:0 | ADCOQ[7:0] |ADCO Data Word Low Least Significant Byte of the |Set the least significant
Byte. 16-bit ADCO Accumulator byte of the 16-bit ADCO

formatted according to the Accumulator to the value
settings in ADOSJST[2:0]. written.

Note: If Accumulator shifting is enabled, the most significant bits of the value read will be the least significant bits of
the accumulator high byte. This register should not be written when the SYNC bit is set to 1.

5.6. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADCO output registers to user-pro-
grammed limits, and notifies the system when a desired condition is detected. This is especially effective in
an interrupt-driven system, saving code space and CPU bandwidth while delivering faster system
response times. The window detector interrupt flag (ADOWINT in register ADCOCN) can also be used in
polled mode. The ADCO Greater-Than (ADCOGTH, ADCOGTL) and Less-Than (ADCOLTH, ADCOLTL)
registers hold the comparison values. The window detector flag can be programmed to indicate when mea-
sured data is inside or outside of the user-programmed limits, depending on the contents of the ADCO
Less-Than and ADCO Greater-Than registers.
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SFR Definition 5.8. ADCOGTH: ADCO Greater-Than High Byte

Bit 7 6 5 4 3 1 0
Name ADOGT[15:8]
Type R/W
Reset 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = 0xC4
Bit Name Function
7:0 | ADOGT[15:8] |ADCO Greater-Than High Byte.
Most Significant Byte of the 16-bit Greater-Than window compare register.
SFR Definition 5.9. ADCOGTL: ADCO Greater-Than Low Byte
Bit 7 6 5 4 3 1 0
Name ADOGT[7:0]
Type RIW
Reset 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = 0xC3
Bit Name Function
7:0 | ADOGT[7:0] | ADCO Greater-Than Low Byte.

Least Significant Byte of the 16-bit Greater-Than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.
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SFR Definition 5.10. ADCOLTH: ADCO Less-Than High Byte

Bit 7 6 5 4 3 2 1 0
Name ADOLT[15:8]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xC6
Bit Name Function

7:0 | ADOLT[15:8] | ADCO Less-Than High Byte.
Most Significant Byte of the 16-bit Less-Than window compare register.

SFR Definition 5.11. ADCOLTL: ADCO Less-Than Low Byte

Bit 7 6 5 4 3 2 1 0
Name ADOLT[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = 0x0; SFR Address = 0xC5
Bit Name Function

7:0 | ADOLT[7:0] |ADCO Less-Than Low Byte.
Least Significant Byte of the 16-bit Less-Than window compare register.

Note: In 8-bit mode, this register should be set to 0x00.

5.6.1. Window Detector In Single-Ended Mode

Figure 5.5 shows two example window comparisons for right-justified data, with
ADCOLTH:ADCOLTL = 0x0080 (128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). The input voltage can
range from 0 to VREF x (1023/1024) with respect to GND, and is represented by a 10-bit unsigned integer
value. In the left example, an ADOWINT interrupt will be generated if the ADCO conversion word
(ADCOH:ADCOL) is within the range defined by ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL
(if 0x0040 < ADCOH:ADCOL < 0x0080). In the right example, and ADOWINT interrupt will be generated if
the ADCO conversion word is outside of the range defined by the ADCOGT and ADCOLT registers
(if ADCOH:ADCOL < 0x0040 or ADCOH:ADCOL > 0x0080). Figure 5.6 shows an example using left-justi-
fied data with the same comparison values.
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ADCOH:ADCOL

A

ADCOH:ADCOL

ADOWINT=1

ADOWINT=1

Input Voltage Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/1024) Ox03FF VREF x (1023/1024)
ADOWINT
not affected
0x0081
VREF x (128/1024) 0x0080 <—| ADCOLTH:ADCOLTL | VREF x (128/1024) 0x0080 <—| ADCOGTH:ADCOGTL |
“““““““““““““““““““““ Ox007F
ADOWINT=1 not affected
e 0x0041
VREF x (64/1024) 0x0040 4—| ADCOGTH:ADCOGTL | VREF x (64/1024) 0x0040 <—| ADCOLTH:ADCOLTL |
0x003F
ADOWINT
not affected
0 0x0000

Figure 5.5. ADC Window Compare Example: Right-Justified Single-Ended Data

ADCOH:ADCOL

A

ADCOH:ADCOL

ADOWINT=1

ADOWINT=1

Input Voltage Input Voltage
(Px.x - GND) (Px.x - GND)
VREF x (1023/1024) OxFFCO VREF x (1023/1024)
ADOWINT
not affected
0x2040
VREF x (128/1024) 0x2000 4—| ADCOLTH:ADCOLTL | VREF x (128/1024) 0x2000 <—| ADCOGTH:ADCOGTL |
T Ox1FCO
ADOWINT=1 ot afected
________________________ 0x1040
VREF x (64/1024) 0x1000 4—| ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000 <—| ADCOLTH:ADCOLTL |
OxO0FCO
ADOWINT
not affected
0 0x0000 0

Figure 5.6. ADC Window Compare Example: Left-Justified Single-Ended Data

5.6.2. ADCO Specifications

See “4. Electrical Characteristics” on page 56 for a detailed listing of ADCO specifications.
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5.7. ADCO Analog Multiplexer

ADCO on C8051F96x has an analog multiplexer,

referred to as AMUXO.

AMUXO selects the positive inputs to the single-ended ADCO. Any of the following may be selected as the
positive input: Port 1/0O pins, the on-chip temperature sensor, the VBAT Power Supply, Regulated Digital
Supply Voltage (Output of VREGO), VDC Supply, or the positive input may be connected to GND. The
ADCO input channels are selected in the ADCOMX register described in SFR Definition 5.12.

ADCOMX

SN (S
X|X|X[X([X
=|=|=2(=2(=2
o|lo|o(o|2
ala|alal=
<|<|<|<|<

PO.OK———

Programmable
Attenuator

@ P2.3* &—»{ AMUX

Temp >
Senso

r
4% VBAT ———>
Digital Supply ——— >

VDC ———

g

. >< ™,{ ADCO

Gain=0.50r1

*P1.0 — P1.3 are not available as analog inputs

Figure 5.7. ADCO Multiplexer Block Diagram

Important Note About ADCO Input Configuration: Port pins selected as ADCO inputs should be config-
ured as analog inputs, and should be skipped by the Digital Crossbar. To configure a Port pin for analog
input, set to 0 the corresponding bit in register PNMDIN and disable the digital driver (PnMDOUT = 0 and
Port Latch = 1). To force the Crossbar to skip a Port pin, set to 1 the corresponding bit in register PnSKIP.
See Section “27. Port Input/Output” on page 356 for more Port /O configuration details.
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SFR Definition 5.12. ADCOMX: ADCO Input Channel Select

Bit 7 6 5 4 3 2 1
Name ADOMX
Type R R R R/W R/W R/W R/W R/W
Reset 0 0 0 1 1 1 1
SFR Page = 0x0; SFR Address = 0xBB
Bit Name Function
7:5 | Unused |Read = 000b; Write = Don’t Care.
4:0 | ADOMX | AMUXO Positive Input Selection.
Selects the positive input channel for ADCO.
00000: PO.0 10000: P2.0
00001: PO.1 10001: P2.1
00010: P0.2 10010: pP2.2
00011: P0.3 10011:; pP2.3
00100: P0.4 10100: Reserved.
00101: P0.5 10101: Reserved.
00110: P0.6 10110: Reserved.
00111 PO.7 10111: Reserved.
01000: Reserved 11000: Reserved.
01001: Reserved 11001: Reserved.
01010: Reserved 11010: Reserved.
01011: Reserved 11011: Temperature Sensor
01100: P1.4 11100: VBAT Supply Voltage
01101: P15 (1.8-3.6V)
01110: P1.6 11101: Digital Supply Voltage
01111: P1.7 (VREGO Output, 1.7 V Typical)
11110: VBAT Supply Voltage
(1.8-3.6V)
11111: Ground
. ®
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5.8. Temperature Sensor

An on-chip temperature sensor is included on the C8051F96x which can be directly accessed via the ADC
multiplexer in single-ended configuration. To use the ADC to measure the temperature sensor, the ADC
mux channel should select the temperature sensor. The temperature sensor transfer function is shown in
Figure 5.8. The output voltage (Vtegmp) is the positive ADC input when the ADC multiplexer is set correctly.
The TEMPE bit in register REFOCN enables/disables the temperature sensor, as described in SFR
Definition 5.15. REFOCN: Voltage Reference Control. While disabled, the temperature sensor defaults to a
high impedance state and any ADC measurements performed on the sensor will result in meaningless
data. Refer to Table 4.12 for the slope and offset parameters of the temperature sensor.

Vremp = Slope x (Tempc- 25) +Offset

Tempc = 25 + (V1emp - Offset) / Slope

|:| Slope(V/ deg O

Voltage

< Offset(V at 25 Celsius)

]

Temperature
Figure 5.8. Temperature Sensor Transfer Function

5.8.1. Calibration

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature mea-
surements (see Table 4.13 for linearity specifications). For absolute temperature measurements, offset
and/or gain calibration is recommended. Typically a 1-point (offset) calibration includes the following steps:

1. Control/measure the ambient temperature (this temperature must be known).
2. Power the device, and delay for a few seconds to allow for self-heating.

3. Perform an ADC conversion with the temperature sensor selected as the positive input and GND
selected as the negative input.

4. Calculate the offset characteristics, and store this value in non-volatile memory for use with
subsequent temperature sensor measurements.
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Figure 5.9 shows the typical temperature sensor error assuming a 1-point calibration at 25 °C. Parame-
ters that affect ADC measurement, in particular the voltage reference value, will also affect temper-
ature measurement.

A single-point offset measurement of the temperature sensor is performed on each device during produc-
tion test. The measurement is performed at 25 °C 5 °C, using the ADC with the internal high speed refer-
ence buffer selected as the Voltage Reference. The direct ADC result of the measurement is stored in the
SFR registers TOFFH and TOFFL, shown in SFR Definition 5.13 and SFR Definition 5.14.

5.00 5.00
4.00 4.00
3.00 3.00
2.00 2.00

=
o
S

1.00

Error (degrees C)

-40,00 -20.00 0.00 ‘ 40.00 60.00 80.00
20.00
1.00 -1.00
2,00 2,00
-3.00 -3.00
-4.00 4,00
5,00 -5.00

Temperature (degrees C)

Figure 5.9. Temperature Sensor Error with 1-Point Calibration (Vgrgg = 1.68 V)
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SFR Definition 5.13. TOFFH: Temperature Sensor Offset High Byte

Bit 7 6 5 4 3 2 1 0
Name TOFF[9:2]
Type R R R R R R R R
Reset | Varies Varies Varies Varies Varies Varies Varies Varies
SFR Page = 0xF; SFR Address = OxBE
Bit Name Function
7:0 | TOFF[9:2] |Temperature Sensor Offset High Bits.
Most Significant Bits of the 10-bit temperature sensor offset measurement.
SFR Definition 5.14. TOFFL: Temperature Sensor Offset Low Byte
Bit 7 6 5 4 3 2 1 0
Name TOFF[1:0]
Type R R
Reset | Varies Varies 0 0 0 0 0 0

SFR Page = OxF; SFR Address = 0xBD

Bit Name Function
7:6 | TOFF[1:0] |Temperature Sensor Offset Low Bits.

Least Significant Bits of the 10-bit temperature sensor offset measurement.
5:0 Unused |Read = 0; Write = Don't Care.
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5.9. Voltage and Ground Reference Options

The voltage reference MUX is configurable to use an externally connected voltage reference, the internal
voltage reference, or one of two power supply voltages (see Figure 5.10). The ground reference MUX
allows the ground reference for ADCO to be selected between the ground pin (GND) or a port pin dedi-
cated to analog ground (P0.1/AGND).

The voltage and ground reference options are configured using the REFOCN SFR described on SFR
Definition 5.15. REFOCN: Voltage Reference Control. Electrical specifications are can be found in the
Electrical Specifications Chapter.

Important Note About the Vggg and AGND Inputs: Port pins are used as the external Vgrgr and AGND

inputs. When using an external voltage reference or the internal precision reference, P0.0/VREF should be
configured as an analog input and skipped by the Digital Crossbar. When using AGND as the ground refer-
ence to ADCO, P0.1/AGND should be configured as an analog input and skipped by the Digital Crossbar.
Refer to Section “27. Port Input/Output” on page 356 for complete Port I/O configuration details. The exter-
nal reference voltage must be within the range 0 < Vrge < VDD and the external ground reference must be

at the same DC voltage potential as GND.

| REFOCN
|
! Old|o
| wi fw
! Glolaz| |9 ADC
. W o | o 'U_J H:J Temp Sensor —> Input
| || EN Mux
| L I
|
|
I
|
|
|
I
— — —— |
| vDD | External '
I | Voltage !
| | Reference I
| R1 | Circuit '
X P0.0/VREF
l I 00
l ? I VBAT o1
| T | |X= VREF
!_ T ! Internal 1.8V I S > (to ADC)
- | Regulated Digital Supply
: 11
: Internal 1.65V J—
4.7uF L L 0.1uF ! High Speed Reference
17 oND
0
] Ground
Recommendgd PO.1/AGND ) > (to ADC)
Bypass Capacitors
|
’ !
REFGND

Figure 5.10. Voltage Reference Functional Block Diagram
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5.10. External Voltage Reference

To use an external voltage reference, REFSL[1:0] should be set to 00. Bypass capacitors should be added
as recommended by the manufacturer of the external voltage reference. If the manufacturer does not pro-
vide recommendations, a 4.7uF in parallel with a 0.1uF capacitor is recommended.

5.11. Internal Voltage Reference

For applications requiring the maximum number of port I/O pins, or very short VREF turn-on time, the
1.65 V high-speed reference will be the best internal reference option to choose. The high speed internal
reference is selected by setting REFSL[1:0] to 11. When selected, the high speed internal reference will be
automatically enabled/disabled on an as-needed basis by ADCO.

For applications with a non-varying power supply voltage, using the power supply as the voltage reference
can provide ADCO with added dynamic range at the cost of reduced power supply noise rejection. To use
the 1.8 to 3.6 V power supply voltage (Vpp) or the 1.8 V regulated digital supply voltage as the reference

source, REFSL[1:0] should be set to 01 or 10, respectively.

5.12. Analog Ground Reference

To prevent ground noise generated by switching digital logic from affecting sensitive analog measure-
ments, a separate analog ground reference option is available. When enabled, the ground reference for
ADCO during both the tracking/sampling and the conversion periods is taken from the P0O.1/AGND pin. Any
external sensors sampled by ADCO should be referenced to the P0.1/AGND pin. This pin should be con-
nected to the ground terminal of any external sensors sampled by ADCO. If an external voltage reference is
used, the P0.1/AGND pin should be connected to the ground of the external reference and its associated
decoupling capacitor. The separate analog ground reference option is enabled by setting REFGND to 1.
Note that when sampling the internal temperature sensor, the internal chip ground is always used for the
sampling operation, regardless of the setting of the REFGND bit. Similarly, whenever the internal 1.65 V
high-speed reference is selected, the internal chip ground is always used during the conversion period,
regardless of the setting of the REFGND bit.

5.13. Temperature Sensor Enable

The TEMPE bit in register REFOCN enables/disables the temperature sensor. While disabled, the temper-
ature sensor defaults to a high impedance state and any ADCO measurements performed on the sensor
result in meaningless data. See Section “5.8. Temperature Sensor” on page 97 for details on temperature
sensor characteristics when it is enabled.
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SFR Definition 5.15. REFOCN: Voltage Reference Control

Bit 7 6 5 4 3 2 1 0
Name REFGND REFSL TEMPE
Type R R R/W R/W R/W R/W R R
Reset 0 0 0 1 1 0 0 0
SFR Page = 0x0; SFR Address = 0xD1
Bit Name Function
76 Unused |Read = 00b; Write = Don't Care.
S) REFGND | Analog Ground Reference.
Selects the ADCO ground reference.
0: The ADCO ground reference is the GND pin.
1: The ADCO ground reference is the P0.1/AGND pin.
4:3 REFSL |\oltage Reference Select.
Selects the ADCO voltage reference.
00: The ADCO voltage reference is the P0.0/VREF pin.
01: The ADCO voltage reference is the VDD pin.
10: The ADCO voltage reference is the internal 1.8 V digital supply voltage.
11: The ADCO voltage reference is the internal 1.65 V high speed voltage reference.
2 TEMPE | Temperature Sensor Enable.
Enables/Disables the internal temperature sensor.
0: Temperature Sensor Disabled.
1: Temperature Sensor Enabled.
1:0 Unused |Read = 00b; Write = Don't Care.

5.14. Voltage Reference Electrical Specifications

See Table 4.14 on page 72 for detailed Voltage Reference Electrical Specifications.
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6. Programmable Current Reference (IREFO0)

CB8051F96x 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 PA (1 PA steps) and the maximum current output in High Current Mode is 504 YA (8 YA steps).

The current source/sink is controlled though the IREFOCN special function register. It is enabled by setting
the desired output current to a non-zero value. It is disabled by writing 0x00 to IREFOCN. The port I/O pin
associated with ISRCO should be configured as an analog input and skipped in the Crossbar. See “Port
Input/Output” on page 356 for more details.

SFR Definition 6.1. IREFOCN: Current Reference Control

Bit 7 6 5 4 3 2 1 0
Name SINK MODE IREFODAT
Type R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = 0xB9
Bit Name Function
7 SINK IREFO Current Sink Enable.

Selects if IREFO is a current source or a current sink.
0: IREFO is a current source.
1: IREFO is a current sink.

6 MDSEL IREFO Output Mode Select.

Selects Low Power or High Current Mode.
0: Low Power Mode is selected (step size = 1 pA).
1: High Current Mode is selected (step size = 8 pA).

5:0 | IREFODAT[5:0] |IREFO Data Word.

Specifies the number of steps required to achieve the desired output current.
Output current = direction x step size x IREFODAT.
IREFO is in a low power state when IREFODAT is set to 0x00.

6.1. PWM Enhanced Mode

The precision of the current reference can be increased by fine tuning the IREFO output using a PWM sig-
nal generated by the PCA. This mode allows the IREFODAT bits to perform a course adjustment on the
IREFO output. Any available PCA channel can perform a fine adjustment on the IREFO output. When
enabled (PWMEN = 1), the CEX signal selected using the PWMSS bit field is internally routed to IREFO to
control the on time of a current source having the weight of 2 LSBs. With the two least significant bits of
IREFODAT set to 00b, applying a 100% duty cycle on the CEX signal will be equivalent to setting the two
LSBs of IREFODAT to 10b. PWM enhanced mode is enabled and setup using the IREFOCF register.
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SFR Definition 6.2. IREFOCF: Current Reference Configuration

Bit 7 6 5 4 3 2 1
Name | PWMEN PWMSS[2:0]
Type R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

SFR Page = 0xF; SFR Address = 0xB9

Bit Name Function
7 PWMEN PWM Enhanced Mode Enable.
Enables the PWM Enhanced Mode.
0: PWM Enhanced Mode disabled.
1: PWM Enhanced Mode enabled.
6:3 Unused Read = 0000b, Write = don't care.
2.0 PWMSS[2:0] |PWM Source Select.

Selects the PCA channel to use for the fine-tuning control signal.
000: CEXO selected as fine-tuning control signal.

001: CEX1 selected as fine-tuning control signal.

010: CEX2 selected as fine-tuning control signal.

011: CEXS3 selected as fine-tuning control signal.

100: CEX4 selected as fine-tuning control signal.

101: CEX5 selected as fine tuning control signal.

All Other Values: Reserved.

6.2. IREFO Specifications
See Table 4.15 on page 73 for a detailed listing of IREFO specifications.
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7. Comparators

CB8051F96x devices include two on-chip programmable voltage comparators: Comparator 0 (CPTO) is
shown in Figure 7.1; Comparator 1 (CPT1) is shown in Figure 7.2. The two comparators operate identi-
cally, but may differ in their ability to be used as reset or wake-up sources. See the Reset Sources chapter
and the Power Management chapter 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.

7.1. Comparator Inputs

Each Comparator performs an analog comparison of the voltage levels at its positive (CP0O+ or CP1+) and
negative (CPO- or CP1-) input. Both comparators support multiple port pin inputs multiplexed to their posi-
tive and negative comparator inputs using analog input multiplexers. The analog input multiplexers are
completely under software control and configured using SFR registers. See Section “7.6. ComparatorO and
Comparatorl Analog Multiplexers” on page 112 for details on how to select and configure Comparator
inputs.

Important Note About Comparator Inputs: The Port pins selected as Comparator inputs should be con-
figured as analog inputs and skipped by the Crossbar. See the Port I/0O chapter for more details on how to
configure Port I/O pins as Analog Inputs. The Comparator may also be used to compare the logic level of
digital signals, however, Port 1/O pins configured as digital inputs must be driven to a valid logic state
(HIGH or LOW) to avoid increased power consumption.
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| Px.x & | % % ) Rising-edge Falling-edge
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: Prx DX | [————= | CPO
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Figure 7.1. Comparator 0 Functional Block Diagram
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7.2. Comparator Outputs

When a comparator is enabled, its output is a logic 1 if the voltage at the positive input is higher than the
voltage at the negative input. When disabled, the comparator output is a logic 0. The comparator output is
synchronized with the system clock as shown in Figure 7.2. The synchronous “latched” output (CP0O, CP1)
can be polled in software (CPnOUT bit), used as an interrupt source, or routed to a Port pin through the
Crossbar.

The asynchronous “raw” comparator output (CPOA, CP1A) is used by the low power mode wakeup logic
and reset decision logic. See the Power Options chapter and the Reset Sources chapter for more details
on how the asynchronous comparator outputs are used to make wake-up and reset decisions. The asyn-
chronous comparator output can also be routed directly to a Port pin through the Crossbar, and is available
for use outside the device even if the system clock is stopped.

When using a Comparator as an interrupt source, Comparator interrupts can be generated on rising-edge
and/or falling-edge comparator output transitions. Two independent interrupt flags (CPnRIF and CPnFIF)
allow software to determine which edge caused the Comparator interrupt. The comparator rising-edge and
falling-edge interrupt flags are set by hardware when a corresponding edge is detected regardless of the
interrupt enable state. Once set, these bits remain set until cleared by software.

The rising-edge and falling-edge interrupts can be individually enabled using the CPnRIE and CPnFIE
interrupt enable bits in the CPTnMD register. In order for the CPnRIF and/or CPnFIF interrupt flags to gen-
erate an interrupt request to the CPU, the Comparator must be enabled as an interrupt source and global
interrupts must be enabled. See the Interrupt Handler chapter for additional information.
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Figure 7.2. Comparator 1 Functional Block Diagram
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7.3. Comparator Response Time

Comparator response time may be configured in software via the CPTnMD registers described on
“CPTOMD: Comparator 0 Mode Selection” on page 109 and “CPT1MD: Comparator 1 Mode Selection” on
page 111. Four response time settings are available: Mode 0 (Fastest Response Time), Mode 1, Mode 2,
and Mode 3 (Lowest Power). Selecting a longer response time reduces the Comparator active supply cur-
rent. The Comparators also have low power shutdown state, which is entered any time the comparator is
disabled. Comparator rising edge and falling edge response times are typically not equal. See Table 4.16
on page 74 for complete comparator timing and supply current specifications.

7.4. Comparator Hysterisis

The Comparators feature software-programmable hysterisis that can be used to stabilize the comparator
output while a transition is occurring on the input. Using the CPTNnCN registers, the user can program both
the amount of hysteresis voltage (referred to the input voltage) and the positive and negative-going sym-
metry of this hysteresis around the threshold voltage (i.e., the comparator negative input).

Figure 7.3 shows that when positive hysterisis is enabled, the comparator output does not transition from
logic O to logic 1 until the comparator positive input voltage has exceeded the threshold voltage by an
amount equal to the programmed hysterisis. It also shows that when negative hysterisis is enabled, the
comparator output does not transition from logic 1 to logic 0 until the comparator positive input voltage has
fallen below the threshold voltage by an amount equal to the programmed hysterisis.

The amount of positive hysterisis is determined by the settings of the CPnHYP bits in the CPTNCN register
and the amount of negative hysteresis voltage is determined by the settings of the CPnHYN bits in the
same register. Settings of 20 mV, 10 mV, 5 mV, or 0 mV can be programmed for both positive and negative
hysterisis. See Section “Table 4.16. Comparator Electrical Characteristics” on page 74 for complete com-
parator hysterisis specifications.

CPn+
VIN+ — +

cp CPn ouT
VIN- —=Fh- |

CIRCUIT CONFIGURATION

Positive Hysteresis Voltage A
(Programmed with CPOHYP Bits)

VIN

4
INPUTS A Negative Hysteresis Voltag_e
v (Programmed by CPOHYN Bits)
VIN+ \

VOH —
OUTPUT
Yo N N
Negative Hysteresis — L Maximum
Disabled Negative Hysteresis
Positive Hysteresis — L— Maximum
Disabled Positive Hysteresis

Figure 7.3. Comparator Hysteresis Plot
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7.5. Comparator Register Descriptions

The SFRs used to enable and configure the comparators are described in the following register descrip-
tions. A Comparator must be enabled by setting the CPnEN bit to logic 1 before it can be used. From an
enabled state, a comparator can be disabled and placed in a low power state by clearing the CPnEN bit to

logic O.

Important Note About Comparator Settings: False rising and falling edges can be detected by the Com-
parator while powering on or if changes are made to the hysteresis or response time control bits. There-
fore, it is recommended that the rising-edge and falling-edge flags be explicitly cleared to logic O a short
time after the comparator is enabled or its mode bits have been changed. The Comparator Power Up Time
is specified in Section “Table 4.16. Comparator Electrical Characteristics” on page 74.

SFR Definition 7.1. CPTOCN: Comparator 0 Control

Bit

6 5 4 3 2 1 0

Name

CPOEN

CPOOUT

CPORIF CPOFIF CPOHYP[1:0] CPOHYNI[1:0]

Type

R/W

R R/W R/W R/W R/W

Reset

0

0 0 0 0 0 0 0

SFR Page= 0x0; SFR Address = 0x9B

Bit

Name

Function

7

CPOEN

Comparator0O Enable Bit.

0: ComparatorQ Disabled.
1: ComparatorO Enabled.

CPOOUT

Comparator0 Output State Flag.

0: Voltage on CPO+ < CPO-.
1: Voltage on CPO+ > CPO-.

CPORIF

Comparator0Q Rising-Edge Flag. Must be cleared by software.

0: No ComparatorO Rising Edge has occurred since this flag was last cleared.
1: ComparatorO Rising Edge has occurred.

CPOFIF

Comparator0 Falling-Edge Flag. Must be cleared by software.

0: No Comparator0O Falling-Edge has occurred since this flag was last cleared.
1: ComparatorO Falling-Edge has occurred.

3-2

CPOHYP[1:0]

Comparator0 Positive Hysteresis Control Bits.

00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.

10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

1-0

CPOHYN[L:0]

ComparatorO Negative Hysteresis Control Bits.

00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.

10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.
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SFR Definition 7.2. CPTOMD: Comparator 0 Mode Selection

These bits affect the response time and power consumption for Comparator0.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1
10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)

Bit 7 6 5 4 3 1 0
Name CPORIE CPOFIE CPOMD[1:0]
Type R/W R R/W R/W R R/W
Reset 1 0 0 0 0 1 0

SFR Page = 0x0; SFR Address = 0x9D

Bit Name Function

7 Reserved |Read = 1b, Must Write 1b.

6 Unused |Read = 0b, Write = don't care.

5 CPORIE | Comparator0 Rising-Edge Interrupt Enable.

0: Comparator0 Rising-edge interrupt disabled.
1: ComparatorO Rising-edge interrupt enabled.
4 CPOFIE | Comparator0 Falling-Edge Interrupt Enable.
0: Comparator0 Falling-edge interrupt disabled.
1: ComparatorO Falling-edge interrupt enabled.
3:2 Unused |Read = 00b, Write = don't care.
1:0 | CPOMDI1:0] | Comparator0 Mode Select
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SFR Definition 7.3. CPT1CN: Comparator 1 Control

Bit

6 5 4 3 2 1 0

Name

CP1EN

CP1OUT

CP1RIF CP1FIF CP1HYP[1:0] CP1HYNI[1:0]

Type

R/W

R R/W R/W R/W R/W

Reset

0

0 0 0 0 0 0 0

SFR Page= 0x0; SFR Address = 0x9A

Bit

Name

Function

7

CP1EN

Comparatorl Enable Bit.

0: Comparatorl Disabled.
1: Comparatorl Enabled.

CP10OUT

Comparatorl Output State Flag.

0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1-.

CP1RIF

Comparatorl Rising-Edge Flag. Must be cleared by software.

0: No Comparatorl Rising Edge has occurred since this flag was last cleared.
1: Comparatorl Rising Edge has occurred.

CP1FIF

Comparatorl Falling-Edge Flag. Must be cleared by software.

0: No Comparatorl Falling-Edge has occurred since this flag was last cleared.
1: Comparatorl Falling-Edge has occurred.

3.2

CPIHYP[L:0]

Comparatorl Positive Hysteresis Control Bits.

00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.

10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.

1:0

CPIHYNI[L.0]

Comparatorl Negative Hysteresis Control Bits.

00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.

10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

110

. ®
Rev.0.3 @

SILICON LABS



C8051F96x

SFR Definition 7.4. CPT1MD: Comparator 1 Mode Selection

Bit 7 6 5 4 3 2 1 0
Name CPIRIE | CPIFIE CP1MD[1:0]
Type | RW R RIW RIW R R RIW
Reset 1 0 0 0 0 0 1 0

SFR Page = 0x0; SFR Address = 0x9C

Bit Name Function
7 Reserved |Read = 1b, Must Write 1b.
6 Unused |Unused.
Read = 00b, Write = don't care.
S CP1RIE |Comparatorl Rising-Edge Interrupt Enable.
0: Comparatorl Rising-edge interrupt disabled.
1: Comparatorl Rising-edge interrupt enabled.
4 CP1FIE |Comparatorl Falling-Edge Interrupt Enable.
0: Comparatorl Falling-edge interrupt disabled.
1: Comparatorl Falling-edge interrupt enabled.
3:2 Unused |Read = 00b, Write = don't care.
1:0 | CP1MDI[1:0] | Comparatorl Mode Select

These bits affect the response time and power consumption for Comparatorl.
00: Mode 0 (Fastest Response Time, Highest Power Consumption)

01: Mode 1

10: Mode 2

11: Mode 3 (Slowest Response Time, Lowest Power Consumption)

=

SILICON LABS

Rev. 0.3 111



C8051F96x

7.6. ComparatorO and Comparatorl Analog Multiplexers

Comparator0 and Comparatorl on C8051F96x devices have analog input multiplexers to connect Port I/O
pins and internal signals the comparator inputs; CP0+/CPO- are the positive and negative input multiplex-
ers for Comparator0 and CP1+/CP1- are the positive and negative input multiplexers for Comparatorl.

The comparator input multiplexers directly support capacitive sensors. When the Compare input is
selected on the positive or negative multiplexer, any Port /O pin connected to the other multiplexer can be
directly connected to a capacitive sensor with no additional external components. The Compare signal pro-
vides the appropriate reference level for detecting when the capacitive sensor has charged or discharged
through the on-chip Rsense resistor. The ComparatorO output can be routed to Timer2 for capturing the
capacitor’s charge and discharge time. See Section “32. Timers” on page 448 for details.

Any of the following may be selected as comparator inputs: Port 1/0O pins, Capacitive Touch Sense Com-
pare, VDD/DC+ Supply Voltage, Regulated Digital Supply Voltage (Output of VREGO), the VBAT Supply
voltage or ground. The Comparator’s supply voltage divided by 2 is also available as an input; the resistors
used to divide the voltage only draw current when this setting is selected. The Comparator input multiplex-
ers are configured using the CPTOMX and CPT1MX registers described in SFR Definition 7.5 and SFR
Definition 7.6.

CPTnMX
ON|d@|Mm|N|H|O
Z|1Z|1Z2|Z2(a|a|a
clelelelelelelse
XX [X[X[X[X]|X]X
=(=(=(2(2(2]|2|2
olo|o|o|o|o|o|o

l—T_A
PO.1 &—»\K PO.0R—
P0.3 R— P0.2 R—
PO.S R—> P0.4 ®—
1 — CPnOUT e = — CPnOUT
P2.1 R— P1.6 R—
P2.3R— P2.0 }—
Rsense P59 Rsense
Only enabled when Only enabled _
Compare is selected when Compare is
on CPn+ Input MUX. selected on CPn-
Input MUX.
VBAT CPnOUT CPn- VBAT CPnOUT CPn+ VBAT
R R It R R Input
Compare MUX Compare MUX
fR (1/3 or 2/3) x VBAT fR (1/3 or 2/3) x VBAT
VBAT VBAT =
g GND
R Y x VBAT 3 R % x VBAT
%R VBAT ——— %R Digital Supply ———
voe——{2 1
GND

Figure 7.4. CPn Multiplexer Block Diagram

Important Note About Comparator Input Configuration: Port pins selected as comparator inputs should
be configured as analog inputs, and should be skipped by the Digital Crossbar. To configure a Port pin for
analog input, set to 0 the corresponding bit in register PnNMDIN and disable the digital driver (PnMDOUT =
0 and Port Latch = 1). To force the Crossbar to skip a Port pin, set to 1 the corresponding bit in register
PnSKIP. See Section “27. Port Input/Output” on page 356 for more Port I/O configuration details.
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SFR Definition 7.5. CPTOMX: ComparatorO Input Channel Select

Bit 7 6 5 4 3 2 1 0
Name CMXON[3:0] CMXO0PI[3:0]
Type RIW RIW RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = Ox9F
Bit Name Function
7:4 | CMXON |Comparator0O Negative Input Selection.
Selects the negative input channel for ComparatorO.
0000: P0.1 1000: P2.1
0001: P0.3 1001: P2.3
0010: P0O.5 1010: Reserved
0011: Reserved 1011: Reserved
0100: Reserved 1100: Compare
0101: Reserved 1101: VBAT divided by 2
0110: P1.5 1110: Digital Supply Voltage
0111: P1.7 1111: Ground
3:.0 | CMXOP |Comparator0 Positive Input Selection.
Selects the positive input channel for ComparatorO.
000¢0: P0.0 1000: P2.0
0001: P0.2 1001: P2.2
0010: PO.4 1010: Reserved
0011: P0O.6 1011: Reserved
0100: Reserved 1100: Compare
0101: Reserved 1101: VBAT divided by 2
0110: P14 1110: VBAT Supply Voltage
0111: P1.6 1111: VBAT Supply Voltage
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SFR Definition 7.6. CPT1MX: Comparatorl Input Channel Select

Bit 7 6 5 4 3 2 1 0
Name CMX1N[3:0] CMX1P[3:0]
Type RIW RIW RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
SFR Page = 0x0; SFR Address = Ox9E
Bit Name Function
7:4 | CMX1IN |Comparatorl Negative Input Selection.
Selects the negative input channel for Comparatorl.
0000: P0.1 1000: P2.1
0001: P0.3 1001: P2.3
0010: P0O.5 1010: Reserved
0011: Reserved 1011: Reserved
0100: Reserved 1100: Compare
0101: Reserved 1101: VBAT divided by 2
0110: P1.5 1110: Digital Supply Voltage
0111: P1.7 1111: Ground
3.0 | CMX1P |Comparatorl Positive Input Selection.
Selects the positive input channel for Comparatorl.
000¢0: P0.0 1000: P2.0
0001: P0.2 1001: P2.2
0010: PO.4 1010: Reserved
0011: P0O.6 1011: Reserved
0100: Reserved 1100: Compare
0101: Reserved 1101: VBAT divided by 2
0110: P14 1110: VBAT Supply Voltage
0111: P1.6 1111: VDC Supply Voltage
. ]
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8. CIP-51 Microcontroller

The MCU system controller core is the CIP-51 microcontroller. The CIP-51 is fully compatible with the
MCS-51™ instruction set; standard 803x/805x assemblers and compilers can be used to develop soft-
ware. The MCU family has a superset of all the peripherals included with a standard 8051. The CIP-51
also includes on-chip debug hardware (see description in Section 34), and interfaces directly with the ana-
log and digital subsystems providing a complete data acquisition or control-system solution in a single inte-
grated circuit.

The CIP-51 Microcontroller core implements the standard 8051 organization and peripherals as well as
additional custom peripherals and functions to extend its capability (see Figure 8.1 for a block diagram).
The CIP-51 includes the following features:

- Fully Compatible with MCS-51 Instruction

Extended Interrupt Handler

Set - Reset Input
- 25 MIPS Peak Throughput with 25 MHz - Power Management Modes
Clock - On-chip Debug Logic

- 0to 25 MHz Clock Frequency

Program and Data Memory Security

Performance

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, and usually have a maximum system clock of 12 MHz. By contrast, the CIP-51
core executes 70% of its instructions in one or two system clock cycles, with no instructions taking more
than eight system clock cycles.
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[ BREGISTER |  [STACKPOINTER]

DATA BUS

SRAM
ADDRESS * SRAM
REGISTER

~J

DATA BUS )
— SFR_ADDRESS
BUFFER «» 4”
SER SFR_CONTROL l
Hﬁ» BUS
SFR_WRITE_DATA
DATA POINTER ‘n» INTERFACE a 2 >
SFR_READ_DATA |
="
PC INCREMENTER S
a MEM_ADDRESS
PROGRAM COUNTER (PC) 2
mem_controL |
e
pas MEMORY
PRGM. ADDRESS REG. <:“m N INTERFACE | MEM_WRITE DATA _ |
a e
MEM_READ_DATA |
RESET _ | CONTROL
—
[ LoGIC SYSTEM_IRQs
CLOCK
—P INTERRUPT |
INTERFACE
| stop EMULATION_IRQ
| POWER CONTROL @»
IDLE REGISTER

Figure 8.1. CIP-51 Block Diagram
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With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. The CIP-51 has
a total of 109 instructions. The table below shows the total number of instructions that require each execu-
tion 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

Programming and Debugging Support
In-system programming of the flash program memory and communication with on-chip debug support logic
is accomplished via the Silicon Labs 2-Wire Development Interface (C2).

The on-chip debug support logic facilitates full speed in-circuit debugging, allowing the setting of hardware
breakpoints, starting, stopping and single stepping through program execution (including interrupt service
routines), examination of the program's call stack, and reading/writing the contents of registers and mem-
ory. This method of on-chip debugging is completely non-intrusive, requiring no RAM, Stack, timers, or
other on-chip resources. C2 details can be found in Section “34. C2 Interface” on page 490.

The CIP-51 is supported by development tools from Silicon Labs and third party vendors. Silicon Labs pro-
vides an integrated development environment (IDE) including editor, debugger and programmer. The IDE's
debugger and programmer interface to the CIP-51 via the C2 interface to provide fast and efficient in-sys-
tem device programming and debugging. Third party macro assemblers and C compilers are also avail-
able.

8.1. Instruction Set

The instruction set of the CIP-51 System Controller is fully compatible with the standard MCS-51™ instruc-
tion set. Standard 8051 development tools can be used to develop software for the CIP-51. All CIP-51
instructions are the binary and functional equivalent of their MCS-51™ counterparts, including opcodes,
addressing modes and effect on PSW flags. However, instruction timing is different than that of the stan-
dard 8051.

8.1.1. Instruction and CPU Timing

In many 8051 implementations, a distinction is made between machine cycles and clock cycles, with
machine cycles varying from 2 to 12 clock cycles in length. However, the CIP-51 implementation is based
solely on clock cycle timing. All instruction timings are specified in terms of clock cycles.

Due to the pipelined architecture of the CIP-51, most instructions execute in the same number of clock
cycles as there are program bytes in the instruction. Conditional branch instructions take one less clock
cycle to complete when the branch is not taken as opposed to when the branch is taken. Table 8.1 is the
CIP-51 Instruction Set Summary, which includes the mnemonic, number of bytes, and number of clock
cycles for each instruction.
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Table 8.1. CIP-51 Instruction Set Summary

Mnemonic Description Bytes Clock
Cycles
Arithmetic Operations
ADD A, Rn Add register to A 1 1
ADD A, direct Add direct byte to A 2 2
ADD A, @RI Add indirect RAM to A 1 2
ADD A, #data Add immediate to A 2 2
ADDC A, Rn Add register to A with carry 1 1
ADDC A, direct Add direct byte to A with carry 2 2
ADDC A, @Ri Add indirect RAM to A with carry 1 2
ADDC A, #data Add immediate to A with carry 2 2
SUBB A, Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 2
SUBB A, @RI Subtract indirect RAM from A with borrow 1 2
SUBB A, #data Subtract immediate from A with borrow 2 2
INC A Increment A 1 1
INC Rn Increment register 1 1
INC direct Increment direct byte 2 2
INC @RI Increment indirect RAM 1 2
DEC A Decrement A 1 1
DEC Rn Decrement register 1 1
DEC direct Decrement direct byte 2 2
DEC @RIi Decrement indirect RAM 1 2
INC DPTR Increment Data Pointer 1 1
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 8
DA A Decimal adjust A 1 1
Logical Operations
ANL A, Rn AND Register to A 1 1
ANL A, direct AND direct byte to A 2 2
ANL A, @RI AND indirect RAM to A 1 2
ANL A, #data AND immediate to A 2 2
ANL direct, A AND A to direct byte 2 2
ANL direct, #data AND immediate to direct byte 3 3
ORL A, Rn OR Register to A 1 1
ORL A, direct OR direct byte to A 2 2
ORL A, @RI OR indirect RAM to A 1 2
ORL A, #data OR immediate to A 2 2
ORL direct, A OR A to direct byte 2 2
ORL direct, #data OR immediate to direct byte 3 3
XRL A, Rn Exclusive-OR Register to A 1 1
XRL A, direct Exclusive-OR direct byte to A 2 2
XRL A, @RI Exclusive-OR indirect RAM to A 1 2
XRL A, #data Exclusive-OR immediate to A 2 2
XRL direct, A Exclusive-OR A to direct byte 2 2
XRL direct, #data Exclusive-OR immediate to direct byte 3 3
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Table 8.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes Clock
Cycles
CLR A Clear A 1 1
CPLA Complement A 1 1
RLA Rotate A left 1 1
RLC A Rotate A left through Carry 1 1
RR A Rotate A right 1 1
RRC A Rotate A right through Carry 1 1
SWAP A Swap nibbles of A 1 1
Data Transfer

MOV A, Rn Move Register to A
MOV A, direct Move direct byte to A
MOV A, @Ri Move indirect RAM to A
MOV A, #data Move immediate to A
MOV Rn, A Move A to Register

MOV Rn, direct

Move direct byte to Register

MOV Rn, #data

Move immediate to Register

MOV direct, A

Move A to direct byte

MOQV direct, Rn

Move Register to direct byte

MOV direct, direct

Move direct byte to direct byte

MOV direct, @RI

Move indirect RAM to direct byte

MOV direct, #data

Move immediate to direct byte

MOV @RI, A

Move A to indirect RAM

MOV @RI, direct

Move direct byte to indirect RAM

MOV @RI, #data

Move immediate to indirect RAM

MOV DPTR, #datal6

Load DPTR with 16-bit constant

MOVC A, @A+DPTR

Move code byte relative DPTR to A

MOVC A, @A+PC

Move code byte relative PC to A

MOVX A, @Ri

Move external data (8-bit address) to A

MOVX @Ri, A

Move A to external data (8-bit address)

MOVX A, @DPTR

Move external data (16-bit address) to A

MOVX @DPTR, A

Move A to external data (16-bit address)
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PUSH direct Push direct byte onto stack
POP direct Pop direct byte from stack
XCH A, Rn Exchange Register with A
XCH A, direct Exchange direct byte with A
XCH A, @Ri Exchange indirect RAM with A
XCHD A, @RI Exchange low nibble of indirect RAM with A
Boolean Manipulation
CLRC Clear Carry 1 1
CLR bit Clear direct bit 2 2
SETB C Set Carry 1 1
SETB bit Set direct bit 2 2
CPLC Complement Carry 1 1
CPL bit Complement direct bit 2 2
ANL C, bit AND direct bit to Carry 2 2
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Table 8.1. CIP-51 Instruction Set Summary (Continued)

Mnemonic Description Bytes Clock
Cycles
ANL C, /bit AND complement of direct bit to Carry 2 2
ORL C, bit OR direct bit to carry 2 2
ORL C, /bit OR complement of direct bit to Carry 2 2
MOV C, bit Move direct bit to Carry 2 2
MOV bit, C Move Carry to direct bit 2 2
JC rel Jump if Carry is set 2 2/3
JNC rel Jump if Carry is not set 2 2/3
JB bit, rel Jump if direct bit is set 3 3/4
JNB bit, rel Jump if direct bit is not set 3 3/4
JBC bit, rel Jump if direct bit is set and clear bit 3 3/4
Program Branching
ACALL addr11l Absolute subroutine call 2 3
LCALL addrl6 Long subroutine call 3 4
RET Return from subroutine 1 5
RETI Return from interrupt 1 5
AJMP addr11 Absolute jump 2 3
LIMP addrl16 Long jump 3 4
SIMP rel Short jump (relative address) 2 3
JMP @A+DPTR Jump indirect relative to DPTR 1 3
JZ rel Jump if A equals zero 2 2/3
JINZ rel Jump if A does not equal zero 2 2/3
CJINE A, direct, rel Compare direct byte to A and jump if not equal 3 3/4
CJINE A, #data, rel Compare immediate to A and jump if not equal 3 3/4
CJINE Rn, #data, rel (Ce:(;)l:r;?are immediate to Register and jump if not 3 3/4
CINE @RI, #data, rel g:lgl)are immediate to indirect and jump if not 3 a5
DJINZ Rn, rel Decrement Register and jump if not zero 2 2/3
DJNZ direct, rel Decrement direct byte and jump if not zero 3 3/4
NOP No operation 1 1
. ®
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Notes on Registers, Operands and Addressing Modes:

Rn—Register RO-R7 of the currently selected register bank.
@Ri—Data RAM location addressed indirectly through RO or R1.

rel—8-bit, signed (twos complement) offset relative to the first byte of the following instruction. Used by
SJMP and all conditional jumps.

direct—8-hit internal data location’s address. This could be a direct-access Data RAM location (0x00—
0x7F) or an SFR (0x80—0xFF).

#data—8-bit constant
#datal6—16-bit constant
bit—Direct-accessed bit in Data RAM or SFR

addr11—11-bit destination address used by ACALL and AJMP. The destination must be within the
same 2 kB page of program memory as the first byte of the following instruction.

addr16—16-bit destination address used by LCALL and LIMP. The destination may be anywhere within
the 8 kB program memory space.

There is one unused opcode (0xA5) that performs the same function as NOP.
All mnemonics copyrighted © Intel Corporation 1980.
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8.2. CIP-51 Register Descriptions

Following are descriptions of SFRs related to the operation of the CIP-51 System Controller. Reserved bits
should not be set to logic I. Future product versions may use these bits to implement new features in which
case the reset value of the bit will be logic 0, selecting the feature's default state. Detailed descriptions of
the remaining SFRs are included in the sections of the data sheet associated with their corresponding sys-
tem function.

SFR Definition 8.1. DPL: Data Pointer Low Byte

Bit 7 6 5 4 3 2 1 0
Name DPL[7:0]

Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0x82

Bit

Name

Function

7:0

DPL[7:0]

Data Pointer Low.

The DPL register is the low byte of the 16-bit DPTR. DPTR is used to access indi-
rectly addressed flash memory or XRAM.

SFR Definition 8.2. DPH: Data Pointer High Byte

Bit 7 6 5 4 3 2 1 0
Name DPH[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0x83

Bit

Name

Function

7:0

DPH[7:0]

Data Pointer High.

The DPH register is the high byte of the 16-bit DPTR. DPTR is used to access indi-
rectly addressed flash memory or XRAM.
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SFR Definition 8.3. SP: Stack Pointer

Bit 7 6 5 4 3 2 1 0
Name SP[7:0]
Type R/W
Reset 0 0 0 0 0 1 1 1

SFR Page = All Pages; SFR Address = 0x81
Bit Name Function
7:0 | SP[7:0] |stack Pointer.

The Stack Pointer holds the location of the top of the stack. The stack pointer is incre-
mented before every PUSH operation. The SP register defaults to 0x07 after reset.

SFR Definition 8.4. ACC: Accumulator

Bit 7 6 5 4 3 2 1 0
Name ACC[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = OxEOQ; Bit-Addressable
Bit Name Function

7:0 | ACC[7:0] |Accumulator.
This register is the accumulator for arithmetic operations.

SFR Definition 8.5. B: B Register

Bit 7 6 5 4 3 2 1 0
Name B[7:0]
Type R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0xFO; Bit-Addressable
Bit Name Function

7:0 B[7:0] |B Register.
This register serves as a second accumulator for certain arithmetic operations.
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SFR Definition 8.6. PSW: Program Status Word

Bit 7 6 5 4 3 2 1 0
Name | CY AC FO RS[1:0] oV F1 PARITY
Type | R/W RIW RIW RIW RIW RIW R
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0xDO; Bit-Addressable

Bit Name Function

7 cY Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry (addition) or a bor-
row (subtraction). It is cleared to logic 0 by all other arithmetic operations.

6 AC Auxiliary Carry Flag.
This bit is set when the last arithmetic operation resulted in a carry into (addition) or a
borrow from (subtraction) the high order nibble. It is cleared to logic 0 by all other arith-
metic operations.

5 FO User Flag 0.
This is a bit-addressable, general purpose flag for use under software control.

4:3 | RS[1:0] |Register Bank Select.

These bits select which register bank is used during register accesses.
00: Bank 0, Addresses 0x00-0x07
01: Bank 1, Addresses 0x08-0x0F
10: Bank 2, Addresses 0x10-0x17
11: Bank 3, Addresses 0x18-0x1F

2 ov Overflow Flag.
This bit is set to 1 under the following circumstances:
m  An ADD, ADDC, or SUBB instruction causes a sign-change overflow.
m A MUL instruction results in an overflow (result is greater than 255).
m A DIV instruction causes a divide-by-zero condition.
The OV bit is cleared to 0 by the ADD, ADDC, SUBB, MUL, and DIV instructions in all
other cases.

1 F1 User Flag 1.
This is a bit-addressable, general purpose flag for use under software control.

0 | PARITY |Parity Flag.
This bit is set to logic 1 if the sum of the eight bits in the accumulator is odd and cleared
if the sum is even.
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@ Rev. 0.3 123

IN LABS

SILIT



C8051F96x

9. Memory Organization

The memory organization of the CIP-51 System Controller is similar to that of a standard 8051. There are
two separate memory spaces: program memory and data memory. Program and data memory share the
same address space but are accessed via different instruction types. The memory organization of the
CB8051F96x device family is shown in Figure 9.1

PROGRAM/DATA MEMORY DATA MEMORY
(FLASH) (RAM)
INTERNAL DATA ADDRESS SPACE
C8051F960/1/2/3
Upper 128 RAM Special Function
OX1FFFF 128 kB FLASH Registers
(Indirect Addressing Only)| (Direct Addressing Only)
(In-System I o,
Programmable in 1024 (Direct and Indirect L =
irect and Indirec
0X00000 Byte Sectors) Addressing)
C8051F964/5 Lower 128 RAM
OXOFFFF 64 kB ELASH Bit Addressable (Direct and Indirect
Addressing)
(In-System General Purpose
Programmable in 1024 Registers
0x00000 Byte Sectors)
I C8051F966/7 EXTERNAL DATA ADDRESS SPACE
X 32 kB FLASH C8051F960/1/2/3/4/5/6/7 C8051F968/9
(In-System OXFFFF OXFFFF
Programmable in 1024
0x00000 Byte Sectors) Off-chip XRAM space Off-chip XRAM space
(only on 76-pin package) (only on 76-pin package)
C8051F968/9
Ox1FFF OxOFFF
(In-System
(accessable using MOVX (accessable using MOVX
0x00000 Byte Sectors) instruction) instruction)

0x0000 0x0000

Figure 9.1. C8051F96x Memory Map

9.1. Program Memory

The C8051F960/1/2/3 device flashs have a 128 kB program memory space, C8051F964/5 devices have
64 kB program memory space, C8051F966/7 devices have 32 kB program memory space, and
C8051F968/9 devices have a 16 kB program memory space. The devices with 128 kB flash implement this
program memory space as in-system re-programmable flash memory in four 32 kB code banks. A com-
mon code bank (Bank 0) of 32 kB is always accessible from addresses 0x0000 to Ox7FFF. The upper code
banks (Bank 1, Bank 2, and Bank 3) are each mapped to addresses 0x8000 to OxFFFF, depending on the

. ®
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selection of bits in the PSBANK register, as described in SFR Definition 9.1. All other devices with 64 kB or
less program memory can be used as non-banked devices.

The IFBANK bits select which of the upper banks are used for code execution, while the COBANK bits

select the bank to be used for direct writes and reads of the flash memory.

The address Ox1FFFF (C8051F960/1/2/3), OxFFFF (C8051F964/5), 0x07FFF (C8051F966/7), or Ox3FFF
(C8051F9608/9) serves as the security lock byte for the device. Any addresses above the lock byte are

reserved.
C8051F960/1/2/3 C8051F964/5 C8051F966/7 C8051F968/9
Lock Byte | OxIFFFF c
r Lock Byte | OXLFFFE '§
P —_
_ e OxdFC00 Lock Byte | 0xOFFFF é%
X -_ = =/ 9 P
Lock Byte | OXOFFFE g o
Page g‘
0XOFC00
Flash T~ T~ | oxOFBFF _L(EkEyte_ OXO7FFF gi
as Lock Byte | OX7FFE g
M Lock Byte | Ox03FFF —
Sen;g;y Flash Page 0x07C00 | FockEvte | ™
P Memory [ T T T 7| oxo7BFF Lock Byte [ Ox3FFE
Space Flash Page _| ox03c00
Memory I~ Flash _ | 0x03BFF
Space Memory
0x0000 0x0000 0x00000 Space 0x00000
Figure 9.2. Flash Program Memory Map
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Internal
Address IFBANK=0 IFBANK=1 IFBANK=2 IFBANK=3
0 XFFFF

BankO Bankl Bank?2 Bank3
0x 8000
Ox7FFF

BankO BankO BankO BankO
0x 0000

Figure 9.3. Address Memory Map for Instruction Fetches
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SFR Definition 9.1. PSBANK: Program Space Bank Select

Bit 7 6 5 4 3 2 1 0
Name COBANK][1:0] IFBANK([1:0]
Type R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

SFR Page = All Pages; SFR Address = 0x84
Bit Name Function
7:6 Reserved |Read = 00b, Must Write = 00b.

5:4 | COBANK]1:0] | Constant Operations Bank Select.

These bits select which flash bank is targeted during constant operations (MOVC
and flash MOVX) involving address 0x8000 to OXFFFF.

00: Constant Operations Target Bank 0 (note that Bank 0 is also mapped between
0x0000 to OX7FFF).

01: Constant operations target Bank 1.

10: Constant operations target Bank 2.

11: Constant operations target Bank 3.

3:2 Reserved |Read = 00b, Must Write = 00b.

1:0 | IFBANK]1:0] |Instruction Fetch Operations Bank Select.

These bits select which flash bank is used for instruction fetches involving address
0x8000 to OXFFFF. These bits can only be changed from code in Bank O.

00: Instructions fetch from Bank 0 (note that Bank 0 is also mapped between
0x0000 to OX7FFF).

01: Instructions fetch from Bank 1.

10: Instructions fetch from Bank 2.

11: Instructions fetch from Bank 3.

Note:
1. COBANK][1:0] and IFBANK]J1:0] should not be set to select Bank 3 (11b) on the C8051F963/4/5 devices.
2. COBANK]J1:0] and IFBANK][1:0] should not be set to select Bank 2 (10b) or Bank 3 (11b) on the
C8051F966/7/8 devices.

9.1.1. MOVX Instruction and Program Memory

The MOVX instruction in an 8051 device is typically used to access external data memory. On the
CB8051F96x devices, the MOVX instruction is normally used to read and write on-chip XRAM, but can be
re-configured to write and erase on-chip flash memory space. MOVC instructions are always used to read
flash memory, while MOVX write instructions are used to erase and write flash. This flash access feature
provides a mechanism for the C8051F96x to update program code and use the program memory space for
non-volatile data storage. Refer to Section “18. Flash Memory” on page 249 for further details.

9.2. Data Memory

The C8051F96x device family includes 8448 bytes (C8051F960/1/2/3/4/5/6/7) or 4352 bytes
(C8051F968/9) of RAM data memory. 256 bytes of this memory is mapped into the internal RAM space of
the 8051. 8192 or 4096 bytes of this memory is on-chip “external” memory. The data memory map is
shown in Figure 9.1 for reference.

=

SILICON LABS

Rev. 0.3 127



C8051F96x

9.2.1. Internal RAM

There are 256 bytes of internal RAM mapped into the data memory space from 0x00 through OxFF. The
lower 128 bytes of data memory are used for general purpose registers and scratch pad memory. Either
direct or indirect addressing may be used to access the lower 128 bytes of data memory. Locations 0x00
through Ox1F are addressable as four banks of general purpose registers, each bank consisting of eight
byte-wide registers. The next 16 bytes, locations 0x20 through Ox2F, may either be addressed as bytes or
as 128 bit locations accessible with the direct addressing mode.

The upper 128 bytes of data memory are accessible only by indirect addressing. This region occupies the
same address space as the Special Function Registers (SFR) but is physically separate from the SFR
space. The addressing mode used by an instruction when accessing locations above Ox7F determines
whether the CPU accesses the upper 128 bytes of data memory space or the SFRs. Instructions that use
direct addressing will access the SFR space. Instructions using indirect addressing above 0x7F access the
upper 128 bytes of data memory. Figure 9.1 illustrates the data memory organization of the C8051F96x.

9.2.1.1. General Purpose Registers

The lower 32 bytes of data memory, locations 0x00 through 0x1F, may be addressed as four banks of gen-
eral-purpose registers. Each bank consists of eight byte-wide registers designated RO through R7. Only
one of these banks may be enabled at a time. Two bits in the program status word, RS0 (PSW.3) and RS1
(PSW.4), select the active register bank (see description of the PSW in SFR Definition 8.6). This allows
fast context switching when entering subroutines and interrupt service routines. Indirect addressing modes
use registers RO and R1 as index registers.

9.2.1.2. Bit Addressable Locations

In addition to direct access to data memory organized as bytes, the sixteen data memory locations at 0x20
through Ox2F are also accessible as 128 individually addressable bits. Each bit has a bit address from
0x00 to Ox7F. Bit 0 of the byte at 0x20 has bit address 0x00 while bit7 of the byte at 0x20 has bit address
0x07. Bit 7 of the byte at 0x2F has bit address Ox7F. A bit access is distinguished from a full byte access by
the type of instruction used (bit source or destination operands as opposed to a byte source or destina-
tion).

The MCS-51™ assembly language allows an alternate notation for bit addressing of the form XX.B where
XX is the byte address and B is the bit position within the byte. For example, the instruction:

MoV C, 22.3h
moves the Boolean value at 0x13 (bit 3 of the byte at location 0x22) into the Carry flag.

9.2.1.3. Stack

A programmer's stack can be located anywhere in the 256-byte data memory. The stack area is desig-
nated using the Stack Pointer (SP) SFR. The SP will point to the last location used. The next value pushed
on the stack is placed at SP+1 and then SP is incremented. A reset initializes the stack pointer to location
0x07. Therefore, the first value pushed on the stack is placed at location 0x08, which is also the first regis-
ter (RO) of register bank 1. Thus, if more than one register bank is to be used, the SP should be initialized
to a location in the data memory not being used for data storage. The stack depth can extend up to
256 bytes.

9.2.2. External RAM

There are 8192 bytes or 4096 bytes of on-chip RAM mapped into the external data memory space. All of
these address locations may be accessed using the external move instruction (MOVX) and the data
pointer (DPTR), or using MOVX indirect addressing mode (such as @R1) in combination with the EMIOCN
register. Additional off-chip memory or memory-mapped devices may be mapped to the external memory
address space and accessed using the external memory interface. See Section “10. External Data Mem-
ory Interface and On-Chip XRAM” on page 129 for further details.
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10. External Data Memory Interface and On-Chip XRAM

For C8051F96x devices, 8 kB of RAM are included on-chip and mapped into the external data memory
space (XRAM). Additionally, an External Memory Interface (EMIF) is available on the C8051F960/3/6
devices, which can be used to access off-chip data memories and memory-mapped devices connected to
the GPIO ports. The external memory space may be accessed using the external move instruction
(MOVX) and the data pointer (DPTR), or using the MOVX indirect addressing mode using RO or R1. If the
MOVX instruction is used with an 8-bit address operand (such as @R1), then the high byte of the 16-bit
address is provided by the External Memory Interface Control Register (EMIOCN, shown in SFR Definition
10.1).

Note: The MOVX instruction can also be used for writing to the flash memory. See Section “18. Flash Memory” on
page 249 for details. The MOVX instruction accesses XRAM by default.

10.1. Accessing XRAM

The XRAM memory space is accessed using the MOVX instruction. The MOVX instruction has two forms,
both of which use an indirect addressing method. The first method uses the Data Pointer, DPTR, a 16-bit
register which contains the effective address of the XRAM location to be read from or written to. The sec-
ond method uses RO or R1 in combination with the EMIOCN register to generate the effective XRAM
address. Examples of both of these methods are given below.

10.1.1. 16-Bit MOVX Example

The 16-bit form of the MOVX instruction accesses the memory location pointed to by the contents of the
DPTR register. The following series of instructions reads the value of the byte at address 0x1234 into the
accumulator A:

MoV DPTR, #1234h ; load DPTR with 16-bit address to read (0x1234)
MOVX A, @DPTR ; load contents of 0x1234 into accumulator A

The above example uses the 16-bit immediate MOV instruction to set the contents of DPTR. Alternately,
the DPTR can be accessed through the SFR registers DPH, which contains the upper 8-bits of DPTR, and
DPL, which contains the lower 8-bits of DPTR.

10.1.2. 8-Bit MOVX Example

The 8-bit form of the MOVX instruction uses the contents of the EMIOCN SFR to determine the upper 8-bits
of the effective address to be accessed and the contents of RO or R1 to determine the lower 8-bits of the
effective address to be accessed. The following series of instructions read the contents of the byte at
address 0x1234 into the accumulator A.

MoV EMIOCN, #12h ; load high byte of address into EMIOCN
MoV RO, #34h ; load low byte of address into RO (or R1)
MOVX a, @RO ; load contents of 0x1234 into accumulator A

. B
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10.2. Configuring the External Memory Interface
Configuring the External Memory Interface consists of five steps:

1. Configure the Output Modes of the associated port pins as either push-pull or open-drain (push-pull
is most common). The Input Mode of the associated port pins should be set to digital (reset value).

2. Configure Port latches to “park” the EMIF pins in a dormant state (usually by setting them to logic 1).
3. Select Multiplexed mode or Non-multiplexed mode.

4. Select the memory mode (on-chip only, split mode without bank select, split mode with bank select,
or off-chip only).

5. Set up timing to interface with off-chip memory or peripherals.

Each of these five steps is explained in detail in the following sections. The Port selection, Multiplexed
mode selection, and Mode bits are located in the EMIOCF register shown in SFR Definition .

10.3. Port Configuration

The External Memory Interface appears on Ports 3, 4, 5, and 6 when it is used for off-chip memory access.
The external memory interface and the LCD cannot be used simultaneously. When using EMIF, all pins on
Port 3-6 may only be used for EMIF purposes or as general purpose I/O. The EMIF pinout is shown in
Table 10.1 on page 131.

The External Memory Interface claims the associated Port pins for memory operations ONLY during the
execution of an off-chip MOVX instruction. Once the MOVX instruction has completed, control of the Port
pins reverts to the Port latches or to the Crossbar settings for those pins. See Section “27. Port Input/Out-
put” on page 356 for more information about the Crossbar and Port operation and configuration. The Port
latches should be explicitly configured to “park” the External Memory Interface pins in a dormant
state, most commonly by setting them to a logic 1.

During the execution of the MOVX instruction, the External Memory Interface will explicitly disable the driv-
ers on all Port pins that are acting as Inputs (Data[7:0] during a READ operation, for example). The Output
mode of the Port pins (whether the pin is configured as Open-Drain or Push-Pull) is unaffected by the
External Memory Interface operation, and remains controlled by the PnMDOUT registers. In most cases,
the output modes of all EMIF pins should be configured for push-pull mode.

The C8051F960/3/6 devices support both the multiplexed and non-multiplexed modes. Accessing off-chip
memory is not supported by the C8051F961/2/4/5/7/8 devices.
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Table 10.1. EMIF Pinout (C8051F960/3/6)

Multiplexed Mode Non Multiplexed Mode
Signal Name Port Pin Signal Name Port Pin
8-Bit Mode® | 16-Bit Mode? 8-Bit Mode ! | 16-Bit Mode?

RD P3.6 P3.6 RD P3.6 P3.6
WR P3.7 P3.7 WR P3.7 P3.7
ALE P3.5 P3.5 DO P6.0 P6.0
ADO P6.0 P6.0 D1 P6.1 P6.1
AD1 P6.1 P6.1 D2 P6.2 P6.2
AD2 P6.2 P6.2 D3 P6.3 P6.3
AD3 P6.3 P6.3 D4 P6.4 P6.4
AD4 P6.4 P6.4 D5 P6.5 P6.5
AD5 P6.5 P6.5 D6 P6.6 P6.6
AD6 P6.6 P6.6 D7 P6.7 P6.7
AD7 P6.7 P6.7 A0 P5.0 P5.0
A8 — P5.0 Al P5.1 P5.1
A9 — P5.1 A2 P5.2 P5.2
Al10 — P5.2 A3 P5.3 P5.3
All — P5.3 A4 P5.4 P5.4
Al2 — P5.4 A5 P5.5 P5.5
Al3 — P5.5 A6 P5.6 P5.6
Al4 — P5.6 A7 P5.7 P5.7
Al5 — P5.7 A8 — P4.0
— — — A9 — P4.1

— — — Al10 — P4.2

- — — All — P4.3

— — — Al12 — P4.4

- — — Al3 — P4.5

- — — Al4 — P4.6

— — — A15 — P4.7
Required 1/O: 11 19 Required 1/O: 18 26

Notes:
1. Using 8-bit movx instruction without bank select.
2. Using 16-bit movx instruction.
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SFR Definition 10.1. EMIOCN: External Memory Interface Control

Bit 7 6 5 4 3 1 0
Name PGSEL[7:0]
Type R/W
Reset 0 0 0 0 0 0 0
SFR Page = 0x0; SFR Address = OxAA
Bit Name Function
7:0 | PGSEL[7:0] | XRAM Page Select Bits.
The XRAM Page Select Bits provide the high byte of the 16-bit external data memory
address when using an 8-bit MOVX command, effectively selecting a 256-byte page of
RAM.
0x00: 0x0000 to OXO0FF
0x01: 0x0100 to Ox01FF
OxFE: OXFEOO to OXFEFF
OxFF: OxFFO0O0 to OXFFFF
. ®
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SFR Definition 10.2. EMIOCF: External Memory Configuration

Bit 7 6 5 4 3 2 1 0
Name EMD2 EMDI[1:0] EALE[1:0]
Type R/W
Reset 0 0 0 0 0 0 1 1

SFR Page = 0x0; SFR Address = OXAB

Bit

Name

Function

75

Unused

Read = 000b; Write = Don't Care.

4

EMD2

EMIF Multiplex Mode Select Bit.
0: EMIF operates in multiplexed address/data mode
1: EMIF operates in non-multiplexed mode (separate address and data pins)

3:2

EMD[1:0]

EMIF Operating Mode Select Bits.

00: Internal Only: MOVX accesses on-chip XRAM only. All effective addresses alias to
on-chip memory space

01: Split Mode without Bank Select: Accesses below the 8 kB boundary are directed
on-chip. Accesses above the 8 kB boundary are directed off-chip. 8-bit off-chip MOVX
operations use current contents of the Address high port latches to resolve the upper
address byte. To access off chip space, EMIOCN must be set to a page that is not con-
tained in the on-chip address space.

10: Split Mode with Bank Select: Accesses below the 8 kB boundary are directed on-
chip. Accesses above the 8 kB boundary are directed off-chip. 8-bit off-chip MOVX
operations uses the contents of EMIOCN to determine the high-byte of the address.
11: External Only: MOVX accesses off-chip XRAM only. On-chip XRAM is not visible to
the CPU.

1:0

EALE[1:0]

ALE Pulse-Width Select Bits.

These bits only have an effect when EMD2 = 0.

00: ALE high and ALE low pulse width = 1 SYSCLK cycle.
01: ALE high and ALE low pulse width = 2 SYSCLK cycles.
10: ALE high and ALE low pulse width = 3 SYSCLK cycles.
11: ALE high and ALE low pulse width = 4 SYSCLK cycles.
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10.4. Multiplexed and Non-multiplexed Selection

The External Memory Interface is capable of acting in a Multiplexed mode or a Non-multiplexed mode,
depending on the state of the EMD2 (EMIOCF.4) bit.

10.4.1. Multiplexed Configuration

In Multiplexed mode, the Data Bus and the lower 8-bits of the Address Bus share the same Port pins:
ADI[7:0]. In this mode, an external latch (74HC373 or equivalent logic gate) is used to hold the lower 8-bits
of the RAM address. The external latch is controlled by the ALE (Address Latch Enable) signal, which is
driven by the External Memory Interface logic. An example of a Multiplexed Configuration is shown in
Figure 10.1.

In Multiplexed mode, the external MOV X operation can be broken into two phases delineated by the state
of the ALE signal. During the first phase, ALE is high and the lower 8-bits of the Address Bus are pre-
sented to AD[7:0]. During this phase, the address latch is configured such that the Q outputs reflect the
states of the D inputs. When ALE falls, signaling the beginning of the second phase, the address latch out-
puts remain fixed and are no longer dependent on the latch inputs. Later in the second phase, the Data
Bus controls the state of the AD[7:0] port at the time RD or WR is asserted.

See Section “10.6.2. Multiplexed Mode” on page 142 for more information.

