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Analog Peripherals Memory
- 10-Bit ADC (‘F336/8 only) - 768 bytes internal data RAM (256 + 512)
Up to 200 ksps - 16 kB Flash; In-system programmable in 512-byte

Up to 20 external single-ended or differential inputs

VREF from on-chip VREF, external pin or Vpp Sectors (512 bytes are reserved)

Internal or external start of conversion source Digital Peripherals
Built-in temperature sensor - 21 or17 Port I/O; All 5 V tolerant with high sink
- 10-Bit Current Output DAC (‘F336/8 only) current
- Comparator . . - Pin-compatible with C8051F330 family of MCUs
Programmable hysteresis and response time 5 ]
- Configurable as interrupt or reset source - Hardware enhanced UART, SMBus™ (I“C compati-
On-Chip Debug ble), and enhanced SPI™ serial ports
- On-chip debug circuitry facilitates full speed, non- - Four general purpose 16-bit counter/timers
intrusive in-system debug (no emulator required) - 16-Bit programmable counter array (PCA) with three
- Provides breakpoints, single stepping, capture/compare modules and enhanced PWM
inspect/modify memory and registers functionality
- Superior performance to emulation systems using - Real time clock mode using timer and crystal
ICE-chips, target pods, and sockets Clock Sources
- Low cost, complete development kit - 24.5 MHz +2% Oscillator
Supply Voltage 2.7to 3.6 V .+ Supports crystal-less UART operation
- Built-in voltage supply monitor . Low-power suspend mode with fast wake time
High-Speed 8051 uC Core - 80/20/40/10 kHz low-frequency, low-power

oscillator

- External oscillator: Crystal, RC, C, or clock
(1 or 2 pin modes)

- Can switch between clock sources on-the-fly; useful
in power saving modes

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

- Upto 25 MIPS throughput with 25 MHz clock

- Expanded interrupt handler

Temperature Range: —40 to +85 °C 20 or 24-Pin QFN (4 x 4 mm)
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1. System Overview

CB8051F336/7/8/9 devices are fully integrated mixed-signal System-on-a-Chip MCUs. Highlighted features
are listed below. Refer to Section “2. Ordering Information” on page 18 for specific product feature
selection and part ordering numbers.

High-speed pipelined 8051-compatible microcontroller core (up to 25 MIPS)

In-system, full-speed, non-intrusive debug interface (on-chip)

True 10-bit 200 ksps 20-channel single-ended/differential ADC with analog multiplexer
10-bit Current Output DAC

Precision programmable 24.5 MHz internal oscillator

Low-power, low-frequency oscillator

16 kB of on-chip Flash memory—512 bytes are reserved

768 bytes of on-chip RAM

SMBus/I2C, Enhanced UART, and Enhanced SPI serial interfaces implemented in hardware
Four general-purpose 16-bit timers

Programmable Counter/Timer Array (PCA) with three capture/compare modules and Watchdog Timer
function

On-chip Power-On Reset, Vpp Monitor, and Temperature Sensor
On-chip Voltage Comparator

21 or 17 Port I/0O (5 V tolerant)

Low-power suspend mode with fast wake-up time

With on-chip Power-On Reset, Vpp monitor, Watchdog Timer, and clock oscillator, the C8051F336/7/8/9
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 2.7 to 3.6 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 5 V. The C8051F336/7 are available in a 20-
pin QFN package and the C8051F338/9 are available in a 24-pin QFN package. Both package options are
lead-free and RoHS compliant. See Section “2. Ordering Information” on page 18 for ordering informa-
tion. Block diagrams are included in Figure 1.1 and Figure 1.2.
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2. Ordering Information

Table 2.1. Product Selection Guide
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3. Pin Definitions

Table 3.1. Pin Definitions for the C8051F336/7/8/9

Name Pin Pin Type |Description

'F336/7 | 'F338/9
Vpp 3 4 Power Supply Voltage.
GND 2 3 Ground.

This ground connection is required. The center pad may
optionally be connected to ground also.

RST/ 4 5 D I/0 |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 10 ps.

C2CK D I/O |Clock signal for the C2 Debug Interface.
c2D 5 6 D I/O |Bi-directional data signal for the C2 Debug Interface.
Shared with P2.0 on 20-pin packaging and P2.4 on 24-pin
packaging.
P0.0/ 1 2 D I/O or | Port 0.0.
Aln
VREF Aln |External VREF input.
PO.1 20 1 D I/O or |Port 0.1.
Aln
IDAO A Out |IDAO Output.
P0.2/ 19 24 D I/O or |Port 0.2.
Aln
XTAL1 Aln |External Clock Input. This pin is the external oscillator
return for a crystal or resonator.
P0.3/ 18 23 D I/O or |Port 0.3.
Aln
XTAL2 A 1/O or |External Clock Output. For an external crystal or resonator,

D In |this pin is the excitation driver. This pin is the external clock
input for CMOS, capacitor, or RC oscillator configurations.

P0.4 17 22 D I/O or | Port 0.4.
Aln
PO0.5 16 21 D I/O or |Port 0.5.
Aln
PO.6/ 15 20 D I/O or |Port 0.6.
Aln
CNVSTR D In |ADCO External Convert Start or IDAO Update Source Input.
) Rev.1.0 19
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Table 3.1. Pin Definitions for the C8051F336/7/8/9 (Continued)

Name Pin Pin Type |Description
'F336/7 'F338/9
P0.7 14 19 D I/O or |Port 0.7.
Aln
P1.0 13 18 D I/O or |Port 1.0.
Aln
P1.1 12 17 D I/O or |Port 1.1.
Aln
P1.2 11 16 D I/O or |Port 1.2.
Aln
P1.3 10 15 D I/O or |Port 1.3.
Aln
P1.4 9 14 D I/O or |Port 1.4.
Aln
P1.5 8 13 D I/O or |Port 1.5.
Aln
P1.6 7 12 D I/O or |Port 1.6.
Aln
P1.7 6 11 D I/O or |Port 1.7.
Aln
P2.0 5 10 D I/O or | Port 2.0. (Also C2D on 20-pin Packaging)
Aln
P2.1 — 9 D I/O or |Port 2.1.
Aln
pP2.2 — 8 D I/O or |Port 2.2.
Aln
P2.3 — 7 D I/O or | Port 2.3.
Aln
P2.4 — 6 D 1/0 |Port 2.4. (Also C2D on 24-pin Packaging)
20 Rev.1.0 )
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Figure 3.1. QFN-20 Pinout Diagram (Top View)
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4. QFN-20 Package Specifications
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Figure 4.1. QFN-20 Package Drawing

Table 4.1. QFN-20 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.90 1.00 L 0.45 0.55 0.65
Al 0.00 0.02 0.05 L1 0.00 — 0.15
b 0.18 0.25 0.30 aaa — — 0.15
D 4.00 BSC. bbb — — 0.10
D2 2.00 ‘ 2.15 ‘ 2.25 ddd — — 0.05
e 0.50 BSC. eee — — 0.08
E 4.00 BSC. 4 — 0.43 —
E2 2.00 ‘ 2.15 ‘ 2.25 Y — 0.18 —
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to the JEDEC Solid State Outline MO-220, variation VGGD except for
custom features D2, E2, Z, Y, and L which are toleranced per supplier designation.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small
Body Components.
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Figure 4.2. QFN-20 Recommended PCB Land Pattern

Table 4.2. QFN-20 PCB Land Pattern Dimesions

Dimension Min Max Dimension Min Max
C1l 3.70 X2 2.15 2.25
Cc2 3.70 Y1l 0.90 1.00
E 0.50 Y2 2.15 2.25
X1 0.20 0.30

Notes:

General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing is per the ANSI Y14.5M-1994 specification.
3. This Land Pattern Design is based on the IPC-7351 guidelines.

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

Stencil Design
5. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used
to assure good solder paste release.
6. The stencil thickness should be 0.125mm (5 mils).
7. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
8. A 2x2 array of 0.95mm openings on a 1.1mm pitch should be used for the center pad to
assure the proper paste volume (71% Paste Coverage).

Card Assembly
9. A No-Clean, Type-3 solder paste is recommended.
10. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for
Small Body Components.
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5. QFN-24 Package Specifications

o} &l fp—n2 {  Detail 1
24 9 19 Tlza >
PIN=1 1D — UUuUd \\
1 18 - + !
~ \\ 3 //
)] N /24 b
0 = =R TEnE
5 CT ddd@[c]
6 13 6
2X[D]aoa]C mmmmm$*24xL
7 12 12 7
ATl ek
TOP VIEW BOTTOM VIEW
Detail 1 Detail 2
Pin—1 Identifier Perimeter Lead Form

Option 2
Corner Square

Option 3
Irregular Edge

Option 1
Irregular Corner

Option 2
Edge Pull-Back

Option 1
Edge Exposed

Figure 5.1. QFN-24 Package Drawing

Table 5.1. QFN-24 Package Dimensions

Dimension Min Typ Max Dimension Min Typ Max
A 0.70 0.75 0.80 L 0.30 0.40 0.50
Al 0.00 0.02 0.05 L1 0.00 — 0.15
b 0.18 0.25 0.30 aaa — — 0.15
D 4.00 BSC. bbb — — 0.10
D2 2.55 | 2.70 | 2.80 ddd — — 0.05
e 0.50 BSC. eee — — 0.08
E 4.00 BSC. Z — 0.24 —
E2 2.55 | 2.70 | 2.80 Y — 0.18 —
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. This drawing conforms to JEDEC Solid State Outline MO-220, variation WGGD except for
custom features D2, E2, Z, Y, and L which are toleranced per supplier designation.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for Small
Body Components.

Rev.1.0 25

SILICON LABS



C8051F336/7/8/9

Cl
Xe
24 19
i I
|
1+ + ] 18
A | N T =
—+ -+ T
6 -+ -+ 13
Y1 =

| ]
TUTIHE
7 ‘,) FXl 12
Figure 5.2. QFN-24 Recommended PCB Land Pattern

Table 5.2. QFN-24 PCB Land Pattern Dimesions

Dimension Min Max Dimension Min Max
C1 3.90 4.00 X2 2.70 2.80
Cc2 3.90 4.00 Y1l 0.65 0.75
E 0.50 BSC Y2 2.70 2.80
X1 0.20 0.30

Notes:

General

1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. This Land Pattern Design is based on the IPC-7351 guidelines.

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

Stencil Design
4. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used
to assure good solder paste release.
5. The stencil thickness should be 0.125mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
7. A 2x2 array of 1.10mm x 1.10mm openings on a 1.30mm pitch should be used for the center
pad.

Card Assembly
8. A No-Clean, Type-3 solder paste is recommended.
9. The recommended card reflow profile is per the JEDEC/IPC J-STD-020C specification for
Small Body Components.
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6. Electrical Characteristics

6.1. Absolute Maximum Specifications

Table 6.1. Absolute Maximum Ratings

Port pin

Parameter Conditions Min Typ Max Units
Ambient temperature under bias -55 — 125 °C
Storage Temperature -65 — 150 °C
Voltage on any Port I/0O Pin or RST with -0.3 — 5.8 \%
respect to GND

Voltage on Vpp with respect to GND -0.3 — 4.2 \Y
Maximum Total current through Vpp or GND — — 500 mA
Maximum output current sunk by RST or any — — 100 mA

conditions for extended periods may affect device reliability.

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

Rev.1.0
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6.2. Electrical Characteristics

Table 6.2. Global Electrical Characteristics
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min | Typ | Max Units

Digital Supply Voltage Normal Operation VRSTl 3.0 3.6 \%
Writing or Erasing Flash Memory 2.7 3.0 3.6 Y

Digital Supply RAM Data — 15 — \Y,

Retention Voltage

SYSCLK (System Clock) 0 — 25 MHz

(Note 2)

TsysH (SYSCLK High Time) 18 — — ns

TsysL (SYSCLK Low Time) 18 — — ns

Specified Operating -40 — +85 °C

Temperature Range

Digital Supply Current—CPU Active (Normal Mode, fetching instructions from Flash)

Iop (Note 3) Vpp = 3.6 V, F = 25 MHz — | 11.0 | 130 | mA
Vpp = 3.0V, F = 25 MHz — | 80 | 100 | mA
Vpp = 3.6V, F = 1 MHz — | 056 | — mA
Vpp = 3.0V, F=1MHz — | o042| — mA
Vpp = 3.0V, F = 80 kHz — | 3B | — A

Digital Supply Current—CPU Inactive (Idle Mode, not fetching instructions from Flash)

Iop (Note 3) Vpp = 3.6 V, F = 25 MHz — | 50 | 6.0 mA
Vpp=3.0V, F=25MHz — 4.1 5.0 mA
Vpp=3.6V, F=1MHz — | 020 | — mA
Vpp = 3.0V, F =1 MHz — | 016 | — mA
Vpp = 3.0V, F = 80 kHz — | 13 | — HA

Digital Supply Current Oscillator not running, — | <01| — HA

(Stop or Suspend Mode, shut- | V5 Monitor Disabled

down)

Notes:

1. Given in Table 6.4 on page 30.
2. SYSCLK must be at least 32 kHz to enable debugging.
3. Based on device characterization data; Not production tested.
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Table 6.3. Port I/O DC Electrical Characteristics
Vpp = 2.7 t0 3.6 V, —40 to +85 °C unless otherwise specified.

Parameters Conditions Min Typ Max Units
Output High Voltage |lgy =—3 mA, Port I/O push-pull Vpp — 0.7 — — \%
lon =—10 pA, Port I/O push-pull Vpp—0.1 — — Y
lon =—10 mA, Port I/O push-pull — Vpp—0.8 — \Y
Output Low Voltage |[lg. = 8.5 mA — — 0.6 \Y
loL = 10 A — — 0.1 \Y
IOL =25mA — 1.0 — V
Input High Voltage 2.0 — — \%
Input Low Voltage — — 0.8 \%
Input Leakage Weak Pullup Off — — +1 A
Current Weak Pullup On, Vi =0V — 50 100 MA
) Rev.1.0 29
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Table 6.4. Reset Electrical Characteristics
—40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
RST Output Low Voltage loL = 8.5 mA, — — 0.6 Vv
Vpp=27Vto3.6V
RST Input Low Voltage — — 0.6
RST Input Pullup Current RST=0.0V — 50 100 A
Vpp POR Threshold (VrsT) 2.40 2.55 2.70 \Y
Missing Clock Detector Time- | Time from last system clock 100 220 600 ps
out rising edge to reset initiation
Reset Time Delay Delay between release of any — — 40 us
reset source and code
execution at location 0x0000
Minimum RST Low Time to 15 — — ps
Generate a System Reset
Vpp Monitor Turn-on Time 100 — — us
Vpp Monitor Supply Current — 20 40 A
Table 6.5. Flash Electrical Characteristics
Vpp = 2.7 to 3.6 V; —40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
Flash Size 16384* — — bytes
Endurance 20 k 100 k — Erase/Write
Erase Cycle Time 25 MHz System Clock 10 15 20 ms
Write Cycle Time 25 MHz System Clock 40 55 70 VS

Note: 512 bytes at addresses 0x3EQO to Ox3FFF are reserved.

30
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Table 6.6. Internal High-Frequency Oscillator Electrical Characteristics
Vpp = 2.710 3.6 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Oscillator Frequency IFCN =11b 24 24.5 25 MHz
Oscillator Supply Current 25°C,Vpp=3.0V, — 450 600 HA
(from Vpp) OSCICN.7 =1,
OCSICN.5=0

Power Supply Sensitivity Constant Temperature — 0.12 — %/V
Temperature Sensitivity Constant Supply — 60 — ppm/°C
Table 6.7. Internal Low-Frequency Oscillator Electrical Characteristics
Vpp = 2.7 10 3.6 V; Ty = —40 to +85 °C unless otherwise specified; Using factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Oscillator Frequency OSCLD =11b 72 80 88 kHz
Oscillator Supply Current 25°C,Vpp=3.0V, — 55 10 HA
(from Vpp) OSCLCN.7=1

Power Supply Sensitivity Constant Temperature — 2.4 — %IV
Temperature Sensitivity Constant Supply — 30 — ppm/°C

) Rev.1.0 31
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Table 6.8. ADCO Electrical Characteristics
Vpp = 3.0V, VREF = 2.40 V (REFSL=0), —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
DC Accuracy
Resolution 10 bits
Integral Nonlinearity — +0.5 +1 LSB
Differential Nonlinearity Guaranteed Monotonic — 0.5 +1 LSB
Offset Error =12 3 12 LSB
Full Scale Error -5 1 5 LSB
Offset Temperature Coefficient — 3 — ppm/°C
Dynamic performance (10 kHz sine-wave single-ended input, 1 dB below Full Scale, 200 ksps)
Signal-to-Noise Plus Distortion 53 58 — dB
Total Harmonic Distortion Up to the 5th harmonic — -75 — dB
Spurious-Free Dynamic Range — 75 — dB
Conversion Rate
SAR Conversion Clock — — 3.125 MHz
Conversion Time in SAR Clocks 13 — — clocks
Track/Hold Acquisition Time 300 — — ns
Throughput Rate — — 200 ksps
Analog Inputs
ADC Input Voltage Range Single Ended (AIN+ — GND) 0 — VREF \%
Differential (AIN+ — AIN-) -VREF VREF Y,
Absolute Pin Voltage with respect |Single Ended or Differential 0 — Vpp \%
to GND
Sampling Capacitance (CsampLg) — 5 — pF
Input Multiplexer Impedance — 5 — kQ
(Rmux)
Power Specifications
Power Supply Current Operating Mode, 200 ksps — 500 900 LA
(Vpp supplied to ADCO)
Power Supply Rejection — 3 — mV/V
32 Rev.1.0 )
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Table 6.9. Temperature Sensor Electrical Characteristics
Vpp = 3.0V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Linearity — +0.2 — °C
Slope — 2.25 — mV/°C
Slope Error* — 23 — puv/eC
Offset Temp=0°C — 785 — mV
Offset Error* Temp=0°C — 11.6 — mV
Note: Represents one standard deviation from the mean.

Table 6.10. Voltage Reference Electrical Characteristics
Vpp = 3.0 V; —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Internal Reference (REFBE = 1)

Output Voltage 25 °C ambient 235 | 242 | 2.50 \%
VREF Short-Circuit Current — — 10 mA
VREF Temperature — 30 — ppm/°C
Coefficient
Load Regulation Load = 0 to 200 pA to AGND — 3 — MV/UA
VREF Turn-on Time 1 4.7 pF tantalum, 0.1 pF ceramic bypass — 7.5 — ms
VREF Turn-on Time 2 0.1 uF ceramic bypass — 200 — us
Power Supply Rejection — -0.6 — mvV/V
External Reference (REFBE = 0)
Input Voltage Range 0 — Vpp \Y
Input Current Sample Rate = 200 ksps; VREF =3.0V — 3 — A
Power Specifications
Reference Bias Generator |REFBE = ‘1’ or TEMPE = ‘1’ | — | 30 | 50 \ HA
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Table 6.11. IDAC Electrical Characteristics

—40to +85 °C, Vpp = 3.0 V Full-scale output current set to 2 mA unless otherwise specified.

Parameter Conditions Min Typ Max Units

Static Performance

Resolution 10 bits

Integral Nonlinearity — +0.5 +2 LSB

Differential Nonlinearity Guaranteed Monotonic — +0.5 +1 LSB

Output Compliance Range 0 — Vpp—1.2 V

Offset Error — 0 — A

Full Scale Error 2 mA Full Scale Output — 0 +30 MA
Current

Full Scale Error Tempco — 30 — ppm/°C

Vpp Power Supply — 6 — SVAVAYS

Rejection Ratio

Dynamic Performance

Output Settling Time to 1/2 [IDAOH:L = Ox3FF to 0x000 — 5 — Us

LSB

Startup Time — 5 — us

Gain Variation 1 mA Full Scale Output Current — +1 — %
0.5 mA Full Scale Output Current — +1 — %

Power Consumption

Power Supply Current (Vpp |2 mA Full Scale Output Current — 2100 — HA

supplied to IDAC) 1 mA Full Scale Output Current — 1100 — HA
0.5 mA Full Scale Output Current — 600 — A

34
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Table 6.12. Comparator Electrical Characteristics

Vpp = 3.0V, —40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units
Response Time CPO+ — CPO- =100 mV — 100 — ns
Mode 0, Vem* = 1.5V CP0O+ — CP0O-=-100 mV — 200 — ns
Response Time CPO+ — CPO- =100 mV — 250 — ns
Mode 1, Vem* = 1.5V CPO+ — CP0O-=-100 mV — 350 — ns
Response Time CPO+ — CPO- =100 mV — 400 — ns
Mode 2, Vem* = 1.5V CPO+ — CPO— = -100 mV — 800 — ns
Response Time CPO+ — CPO- =100 mV — 1100 — ns
Mode 3, Vem* = 1.5V CPO+ — CPO— = -100 mV — 5000 — ns
Common-Mode Rejection Ratio — 1.25 5 mvV/V
Positive Hysteresis 1 CPOHYP1-0 =00 — 0 1 mV
Positive Hysteresis 2 CPOHYP1-0=01 1 5 10 mV
Positive Hysteresis 3 CPOHYP1-0=10 6 10 20 mV
Positive Hysteresis 4 CPOHYP1-0=11 12 20 30 mvV
Negative Hysteresis 1 CPOHYN1-0 =00 0 1 mV
Negative Hysteresis 2 CPOHYN1-0 =01 1 5 10 mV
Negative Hysteresis 3 CPOHYN1-0=10 6 10 20 mV
Negative Hysteresis 4 CPOHYN1-0=11 12 20 30 mV
Inverting or Non-Inverting Input -0.25 — Vpp + 0.25 \%
Voltage Range
Input Capacitance — 4 — pF
Input Bias Current — 0.001 — nA
Input Offset Voltage -5 — +5 mV
Power Supply
Power Supply Rejection — 0.1 — mV/V
Power-up Time — 10 — us
Supply Current at DC Mode O — 10 20 A
Mode 1 — 4 10 HA
Mode 2 — 2 5 MA
Mode 3 — 0.4 25 HA
Note: Vcm is the common-mode voltage on CP0+ and CPO-.
) Rev.1.0 35
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6.3. Typical Performance Curves

‘—VDD =3.6V —VDD = 3.3V —VDD = 3.0V —VDD = 2.7V

12.0

10.0

///\\//

8.0

/

6.0

IDD (mA)

4.0

=

2.0

0.0

SYSCLK (MHz)
Figure 6.1. Normal Mode Digital Supply Current vs. Frequency
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Figure 6.2. Idle Mode Digital Supply Current vs. Frequency
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7. 10-Bit ADC (ADCO, C8051F336/8 only)

The ADCO on the C8051F336/8 is a 200 ksps, 10-bit successive-approximation-register (SAR) ADC with
integrated track-and-hold and programmable window detector. The ADC is fully configurable under soft-
ware control via Special Function Registers. The ADCO operates in both Single-ended and Differential
modes, and may be configured to measure various different signals using the analog multiplexer described
in Section “7.4. ADCO Analog Multiplexer (C8051F336/8 only)” on page 48. The voltage reference for
the ADC is selected as described in Section “8. Temperature Sensor (C8051F336/8 only)” on page 51.
The ADCO subsystem is enabled only when the ADOEN bit in the ADCO Control register (ADCOCN) is set
to logic 1. The ADCO subsystem is in low power shutdown when this bit is logic O.

ADCOCN
AHEEEEEE
MNEEEEEE
SIS Isik=1k=)
2(12(2]|8|8|ala|a
<<|<|2|2|<| <<
A A T
VDD 000 —— ADOBUSY (W)
Start . fl
Conversion 001 —— Timer O Overflow
—— 010 —— Timer 2 Overflow
011 —— Timer 1 Overflow
| | 100 —— CNVSTR Input
Q 101 —— Timer 3 Overflow
H O
R : 10-Bit ~3
I ! AIN+ <
| From 1 SAR g
I AMUXO | ]
el NADC | LB
[ <)
—» O
a
<
T T LU .
(W
O|lx
4 [ ADOWINT
? t
— Window
= | 1 Compare
< |MN|[H|O 32 Logi
ololo|lo|o|@ gic
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| << < < [ 1
ADCOCF [ADCOGTH|[ADCOGTL|

Figure 7.1. ADCO Functional Block Diagram
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7.1. Output Code Formatting

The ADC is in Single-ended mode when the negative input is connected to GND. The ADC will be in Differ-
ential mode when the negative input is connected to any other option. The output code format differs
between Single-ended and Differential modes. 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 ADOLJST. When in Single-ended Mode, 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’.

Left-Justified ADCOH:ADCOL
(ADOLJST =1)

Input Voltage Right-Justified ADCOH:ADCOL

(ADOLJST = 0)

VREF x 1023/1024 OxO03FF OxFFCO
VREF x 512/1024 0x0200 0x8000
VREF x 256/1024 0x0100 0x4000

0 0x0000 0x0000

When in Differential Mode, conversion codes are represented as 10-bit signed 2's complement numbers.
Inputs are measured from —VREF to VREF x 511/512. Example codes are shown below for both right-jus-
tified and left-justified data. For right-justified data, the unused MSBs of ADCOH are a sign-extension of the
data word. For left-justified data, the unused LSBs in the ADCOL register are set to ‘0’.

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOLJST =0) (ADOLJST =1)
VREF x 511/512 Ox01FF 0x7FCO
VREF x 256/512 0x0100 0x4000
0 0x0000 0x0000
—VREF x 256/512 O0xFFO00 0xC000
-VREF OxFEOO 0x8000

7.2. Modes of Operation

ADCO has a maximum conversion speed of 200 ksps. The ADCO conversion clock is a divided version of
the system clock, determined by the ADOSC bits in the ADCOCF register.

7.2.1. Starting a Conversion

A conversion can be initiated in one of six 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:

Writing a ‘1’ to the ADOBUSY bit of register ADCOCN
A Timer 0 overflow (i.e., timed continuous conversions)
A Timer 2 overflow

A Timer 1 overflow

A rising edge on the CNVSTR input signal (pin P0.6)
A Timer 3 overflow

o0k whPE

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
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complete. The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt
flag (ADOINT). Note: 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. Note that when Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte over-
flows 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 Section “24. Timers” on page 180 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’ Bit6 in register POSKIP. See Section “20. Port
Input/Output” on page 119 for details on Port I/O configuration.

7.2.2. Tracking Modes

Each ADCO conversion must be preceded by a minimum tracking time in order for the converted result to
be accurate. Refer to Section “6. Electrical Characteristics” on page 27 for minimum tracking time
specifications. The ADOTM bit in register ADCOCN controls the ADCO track-and-hold mode. In its default
state, 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; conver-
sion begins on the rising edge of CNVSTR (see Figure 7.2). 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 Section
“7.2.3. Settling Time Requirements” on page 40.

A. ADCO Timing for External Trigger Source

CNVSTR
(ADOCM[2:0]=100)

123456 7 8 91011121314

SAR Clocks | |

ADOTM=1 | LOW Power ok 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 0, Timer 2,

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

123456 7 8 91011121314151617

oo L TUUTUUUUUUUUTUTUT
{ Clocks

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

123456 7 8 91011121314

ol I RN
{ Clocks

Track or
ADOTM=0 Convert Convert Track

Figure 7.2. 10-Bit ADC Track and Conversion Example Timing
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7.2.3. Settling Time Requirements

A minimum tracking time is required before each conversion to ensure that an accurate conversion is per-
formed. This tracking time is determined by any series impedance, including the AMUXO resistance, the
the ADCO sampling capacitance, 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 applica-
tions, these three SAR clocks will meet the minimum tracking time requirements.

Figure 7.3 shows the equivalent ADCO input circuits for both Differential and Single-ended modes. Notice
that the equivalent time constant for both input circuits is the same. The required ADCO settling time for a
given settling accuracy (SA) may be approximated by Equation 7.1. When measuring the Temperature
Sensor output or Vpp with respect to GND, Rrgta, reduces to Ryyx. See Section “6. Electrical Charac-
teristics” on page 27 for ADCO minimum settling time requirements as well as the mux impedance and
sampling capacitor values.

2n
t= ln(S_A) X RroraLCsampLE

Equation 7.1. ADCO Settling Time Requirements

Where:

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

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

n is the ADC resolution in bits (10).

Differential Mode Single-Ended Mode
MUX Select MUX Select
Px.x K’—o Px.x K’—o
Rwux Rwmux
CsavpLe CsampLe
RCinput= Rmux * CsampLe RCinput= Rmux * CsampLe =
CsawpLe
Px.x X’—o
T Ruux
MUX Select

Figure 7.3. ADCO Equivalent Input Circuits
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SFR Definition 7.1. ADCOCF: ADCO Configuration

Bit 7 6 5 4 3 2 1 0
Name ADOSCJ4:0] ADOLJST
Reset 1 1 1 1 1 0 0 0
SFR Address = 0xBC
Bit Name Function
7:3 ADOSC[4:0] ADCO SAR Conversion Clock Period Bits.
SAR Conversion clock is derived from system clock by the fol-
lowing equation, where ADOSC refers to the 5-bit value held in
bits ADOSC4-0. SAR Conversion clock requirements are given
in the ADC specification table.
Y SCLK
ADOSC = SYSCLK -1
CLKSAR
2 ADOLJST ADCO Left Justify Select.
0: Data in ADCOH:ADCOL registers are right-justified.
1. Data in ADCOH:ADCOL registers are left-justified.
1:0 UNUSED Unused. Read = 00b; Write = don't care.

SILICON LABS
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SFR Definition 7.2. ADCOH: ADCO Data Word MSB

Bit 7 6 5 4 3 2 1 0
Name ADCOH[7:0]
Reset 0 0 0 0 0 0 0 0
SFR Address = OxBE
Bit Name Function
7:0 | ADCOH[7:0]

ADCO Data Word High-Order Bits.

For ADOLJST = 0: Bits 7-2 are the sign extension of Bitl. Bits 1-0 are the upper 2
bits of the 10-bit ADCO Data Word.

For ADOLJST = 1: Bits 7-0 are the most-significant bits of the 10-bit ADCO Data
Word.

SFR Definition 7.3. ADCOL: ADCO Data Word LSB

Bit 7 6 5 4 3 2 1 0

Name ADCOL[7:0]

Type R/W

Reset 0 0 0 0 0 0 0 0

SFR Address = 0xBD

Bit Name Function

7:0 | ADCOL[7:0] | ADCO Data Word Low-Order Bits.
For ADOLJST = 0: Bits 7-0 are the lower 8 bits of the 10-bit Data Word.
For ADOLJST = 1: Bits 7—6 are the lower 2 bits of the 10-bit Data Word. Bits 5-0 will
always read ‘0.
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SFR Definition 7.4. ADCOCN: ADCO Control

Bit 7 6 5 4 3 2 1 0
Name | ADOEN | ADOTM | ADOINT |ADOBUSY | ADOWINT ADOCM[2:0]
Type | R/W RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

SFR Address = OxES8; Bit-Addressable

Bit Name Function
7 ADOEN | ADCO Enable Bit.
0: ADCO Disabled. ADCO is in low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
6 ADOTM | ADCO Track Mode Bit.
0: Normal Track Mode: When ADCO is enabled, tracking is continuous unless a con-
version is in progress. Conversion begins immediately on start-of-conversion event,
as defined by ADOCM[2:0].
1: Low-power Track Mode: For ADOCM[2:0] = 100, ADC is tracking when CNVSTR is
low, and conversion begins immediately on rising edge of CNVSTR.
For all other values of ADOCM]J2:0], tracking is initiated on start-of-conversion event,
and lasts 3 SAR Clock cycles. The conversion immediately follows this tracking
phase.
5 ADOINT | ADCO Conversion Complete Interrupt Flag.
0: ADCO has not completed a data conversion since ADOINT was last cleared.
1: ADCO has completed a data conversion.
4 | ADOBUSY | ADCO Busy Bit. Read: Write:
0: ADCO conversion is not | 0: No Effect.
in progress. 1: Initiates ADCO Conver-
1: ADCO conversion is in |sion if ADOCM[2:0] =
progress. 000b
3 | ADOWINT |ADCO Window Compare Interrupt Flag.
0: ADCO Window Comparison Data match has not occurred since this flag was last
cleared.
1: ADCO Window Comparison Data match has occurred.
2:0 | ADOCM[2:0] | ADCO Start of Conversion Mode Select.

000: ADCO start-of-conversion source is write of ‘1’ to ADOBUSY.

001: ADCO start-of-conversion source is overflow of Timer 0.

010: ADCO start-of-conversion source is overflow of Timer 2.

011: ADCO start-of-conversion source is overflow of Timer 1.

100: ADCO start-of-conversion source is rising edge of external CNVSTR.
101: ADCO start-of-conversion source is overflow of Timer 3.

11x: Reserved.
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7.3. 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.

SFR Definition 7.5. ADCOGTH: ADCO Greater-Than Data High Byte

Bit 7 6 5 4 3 2 1 0
Name ADCOGTH[7:0]
Type R/W
Reset 1 1 1
SFR Address = 0xC4
Bit Name Function

7:0 | ADCOGTH[7:0] | ADCO Greater-Than Data Word High-Order Bits.

SFR Definition 7.6. ADCOGTL: ADCO Greater-Than Data Low Byte

Bit 7 6 5 4 3 2 1 0
Name ADCOGTL[?O]
Reset 1 1 1 1 1 1 1 1

SFR Address = 0xC3
Bit Name Function

7:0 | ADCOGTL[7:0] | ADCO Greater-Than Data Word Low-Order Bits.
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SFR Definition 7.7. ADCOLTH: ADCO Less-Than Data High Byte

Bit 7 4 3
Name ADCOLTH[7:0]
Type R/W
Reset 0 0 0

SFR Address = 0xC6
Bit Name Function

7:0 | ADCOLTH[7:0]

ADCO Less-Than Data Word High-Order Bits.

SFR Definition 7.8. ADCOLTL: ADCO Less-Than Data Low Byte

Bit 7 4 3
Name ADCOLTL[7:0]
Type R/W
Reset 0 0 0
SFR Address = 0xC5
Bit Name Function
7:0 | ADCOLTL[7:0] |ADCO Less-Than Data Word Low-Order Bits.

SILICON LABS
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7.3.1. Window Detector In Single-Ended Mode

Figure 7.4 shows two example window comparisons for right-justified, single-ended data, with
ADCOLTH:ADCOLTL = 0x0080 (128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). In single-ended mode,
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 7.5 shows an exam-
ple using left-justified data with the same comparison values.

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage

(Px.x - GND) (Px.x - GND)
VREF x (1023/ OX03FF VREF x (1023/
1024) 1024)
ADOWINT _
not affected ADOWINT=1
0x0081
VREF x (128/1024) | 0x0080 |—] ADCOLTH:ADCOLTL | VREF  (128/1024) |  0x0080 |«—— ADCOGTH:ADCOGTL |
""""""""""""""""""""""""" Ox007F
ADOWINT=1 ot afected
________________________________________ 0x0041
VREF x (64/1024) 0x0040 <—| ADCOGTH:ADCOGTLl VREF x (64/1024) 0x0040 <—| ADCOLTH:ADCOLTL |
0X003F
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 7.4. ADC Window Compare Example: Right-Justified Single-Ended Data

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage

(Px.x - GND) (Px.x - GND)
VREF x (1023/ O0XFFCO VREF x (1023/
1024) 1024)
ADOWINT _
not affected ADOWINT=1
0x2040
VREF x (128/1024) |  0x2000 [#——] ADCOLTH:ADCOLTL | VREF X (128/1024) |  0x2000 [#——] ADCOGTH:ADCOGTL |
''''''''''''''''''''''''''' ” Ox1FCO
ADOWINT=1 ot afected
___________________________________ . 0x1040
VREF x (64/1024) 0x1000  [«—] ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000  |«—] ADCOLTH:ADCOLTL |
0XOFCO
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 7.5. ADC Window Compare Example: Left-Justified Single-Ended Data
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7.3.2. Window Detector In Differential Mode

Figure 7.6 shows two example window comparisons for right-justified, differential data, with
ADCOLTH:ADCOLTL = 0x0040 (+64d) and ADCOGTH:ADCOGTH = OXFFFF (—1d). In differential mode, the
measurable voltage between the input pins is between —VREF and VREF x (511/512). Output codes are
represented as 10-bit 2s complement signed integers. 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 OXFFFF (—1d) < ADCOH:ADCOL < 0x0040 (64d)). In the
right example, an 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 < OXFFFF (-1d) or
ADCOH:ADCOL > 0x0040 (+64d)). Figure 7.7 shows an example using left-justified data with the same
comparison values.

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(Px.x - Px.x) (Px.x - Px.x)
VREF x (511/512) OXOLFF VREF x (511/512)
ADOWINT _
not affected ADOWINT=1
0x0041
VREF x (64/512) 0x0040  |[«—] ADCOLTH:ADCOLTL | VREF x (64/512) 0x0040  |-—] ADCOGTH:ADCOGTL |
"""""""""""""""""""""""""" 0x003F
ADOWINT=1 ot afected
0x0000
OXFFFF  |#—] ADCOGTH:ADCOGTL | VREF x (-1/512) OXFFFF  |—] ADCOLTH:ADCOLTL |
OXFFFE
ADOWINT ADOWINT=1
not affected
_VREF 0x0200

Figure 7.6. ADC Window Compare Example: Right-Justified Differential Data

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(Px.x - Px.x) (Px.x - Px.y)
VREF x (511/512) 0x7FCO VREF x (511/512)
ADOWINT _
not affected ADOWINT=1
0x1040
VREF x (64/512) 0x1000 <—| ADCOLTH:ADCOLTL | VREF x (64/512) 0x1000 <—| ADCOGTH:ADCOGTL |
"""""""""""""""""""""""" 0xOFCO
ADOWINT=1 not afected
_____________________________________ 0x0000
VREF x (-1/512) OxFFCO <—| ADCOGTH:ADCOGTL | VREF x (-1/512) OxFFCO <—| ADCOLTH:ADCOLTL |
OxFF80
ADOWINT ADOWINT=1
not affected
-VREF 0x8000 _____VREF

Figure 7.7. ADC Window Compare Example: Left-Justified Differential Data
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7.4. ADCO Analog Multiplexer (C8051F336/8 only)
ADCO on the C8051F336/8 has two analog multiplexers, referred to collectively as AMUXO.

AMUXO selects the positive and negative inputs to the ADC. Any of the following may be selected as the
positive input: Port I/O pins, the on-chip temperature sensor, or the positive power supply (Vpp). Any of the
following may be selected as the negative input: Port /O pins, Vggr, or GND. When GND is selected as
the negative input, ADCO operates in Single-ended Mode; all other times, ADCO operates in Differ-
ential Mode. The ADCO input channels are selected in the AMXOP and AMXON registers as described in
SFR Definition 7.9 and SFR Definition 7.10.

P0.0 {—— \{

AMXOP

([ J

([ J SN
dafa|a|a
ololale|ce

PY X|[X[X[|X|X
S| =2|1=2(=|=
< |<(<|<

L4 AMUX

[ J

Temp
Sensor VDD4>/ AIN+
P0.0IZI—»\ AIN-

([ J

([ J

®

° AMUX

P AMXON
SO |N|H|O

P23 B 212|2|2|2

X[X[X[|X|X
S| Z|I=2(=|=
<<= |<|<

VREF ——— >
GND 4>/(
*P2.0-P2.3 Only available as
inputs on QFN24 Packaging

|

Figure 7.8. 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. To force the Crossbar to skip a Port pin, set to ‘1’
the corresponding bit in register PNSKIP. See Section “20. Port Input/Output” on page 119 for more Port
I/O configuration details.
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SFR Definition 7.9. AMX0P: AMUXO0 Positive Channel Select

Bit 7 6 4 2 0
Name AMXO0P[4:0]
Type R R RIW
Reset 0 0 1 1 1

SFR Address = 0xBB

Bit Name

7:5 | UNUSED

Unused. Read = 000b; Write = Don’t Care.

4:0 | AMXOP[4:0]

AMUXO Positive Input Selection.

00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:
10000:
10001:
10010:
10011;
10100:
10101:
10110 — 11111:

P0.0
PO.1
P0O.2
P0.3
PO.4
PO.5
P0.6
PO.7
P1.0
P1.1
P1.2
P1.3
P14
P1.5
P1.6
P1.7
Temp Sensor

Vbp

P2.0 (C8051F338/9 Only)
P2.1 (C8051F338/9 Only)
P2.2 (C8051F338/9 Only)
P2.3 (C8051F338/9 Only)
no input selected
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SFR Definition 7.10. AMXON: AMUXO0 Negative Channel Select

Bit 7 6 4 3 2 1 0
Name AMXON[4ZO]
Reset 0 0 1 1 1 1 1

SFR Address = 0xBA
Bit Name Function
7:5 | UNUSED |Unused. Read = 000b; Write = Don'’t Care.
4:0 | AMXON[4:0] | AMUXO Negative Input Selection.
00000: PO0.0
00001 PO.1
00010: P0.2
00011: P0.3
00100: P0.4
00101: P0.5
00110: P0.6
00111: PO0.7
01000: P1.0
01001: P1.1
01010: P1.2
01011: P1.3
01100: P14
01101: P15
01110: P1.6
01111: P1.7
10000: VREE
10001: GND (ADC in Single-Ended Mode)
10010: P2.0 (C8051F338/9 Only)
10011: P2.1 (C8051F338/9 Only)
10100: P2.2 (C8051F338/9 Only)
10101: P2.3 (C8051F338/9 Only)
10110 — 11111 no input selected
) Rev.1.0 50
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8. Temperature Sensor (C8051F336/8 only)

An on-chip temperature sensor is included on the C8051F336/8 which can be directly accessed via the
ADC multiplexer in single-ended configuration. To use the ADC to measure the temperature sensor, the
positive ADC mux channel should be configured to connect to the temperature sensor and the negative
ADC mux channel should be configured to connect to GND. The temperature sensor transfer function is
shown in Figure 8.1. The output voltage (Vtgpmp) 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 10.1. 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 Section
“6. Electrical Characteristics” on page 27 for the slope and offset parameters of the temperature sen-
sor.

V+1emp = (Slope x Tempc) + Offset

Tempc = (Vrewp - Offset) / Slope

.:I Slope (V /deg C)

Voltage

<— Offset (V at 0 Celsius)

A

Temperature

Figure 8.1. Temperature Sensor Transfer Function
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9. 10-Bit Current Mode DAC (IDAO, C8051F336/8 only)

The C8051F336/8 device includes a 10-bit current-mode Digital-to-Analog Converter (IDAC). The maxi-
mum current output of the IDAC can be adjusted for three different current settings; 0.5 mA, 1 mA, and
2 mA. The IDAC is enabled or disabled with the IDAOEN bit in the IDAO Control Register (see SFR Defini-
tion 9.1). When IDAOEN is set to 0, the IDAC port pin (P0.1) behaves as a normal GPIO pin. When
IDAOEN is set to 1, the digital output drivers and weak pullup for the IDAC pin are automatically disabled,
and the pin is connected to the IDAC output. An internal bandgap bias generator is used to generate a ref-
erence current for the IDAC whenever it is enabled. When using the IDAC, bit 1 in the POSKIP register
should be set to 1, to force the Crossbar to skip the IDAC pin.

9.1. IDAO Output Scheduling

IDAO features a flexible output update mechanism which allows for seamless full-scale changes and sup-
ports jitter-free updates for waveform generation. Three update modes are provided, allowing IDAC output
updates on a write to IDAOH, on a Timer overflow, or on an external pin edge.

9.1.1. Update Output On-Demand

In its default mode (IDAOCN.[6:4] = 111) the IDAO output is updated “on-demand” on a write to the high-
byte of the IDAO data register (IDAOH). It is important to note that writes to IDAOL are held in this mode,
and have no effect on the IDAO output until a write to IDAOH takes place. If writing a full 10-bit word to the
IDAC data registers, the 10-bit data word is written to the low byte (IDAOL) and high byte (IDAOH) data reg-
isters. Data is latched into IDAO after a write to the IDAOH register, so the write sequence should be
IDAOL followed by IDAOH if the full 10-bit resolution is required. The IDAC can be used in 8-bit mode by
initializing IDAOL to the desired value (typically 0x00), and writing data to only IDAOH (see Section 9.2 for
information on the format of the 10-bit IDAC data word within the 16-bit SFR space).
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Figure 9.1. IDAO Functional Block Diagram
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9.1.2. Update Output Based on Timer Overflow

Similar to the ADC operation, in which an ADC conversion can be initiated by a timer overflow inde-
pendently of the processor, the IDAC outputs can use a Timer overflow to schedule an output update
event. This feature is useful in systems where the IDAC is used to generate a waveform of a defined sam-
pling rate by eliminating the effects of variable interrupt latency and instruction execution on the timing of
the IDAC output. When the IDAOCM bits (IDAOCN.[6:4]) are set to 000, 001, 010 or 011, writes to both
IDAC data registers (IDAOL and IDAOH) are held until an associated Timer overflow event (Timer O,
Timer 1, Timer 2 or Timer 3, respectively) occurs, at which time the IDAOH:IDAOL contents are copied to
the IDAC input latches, allowing the IDAC output to change to the new value.

9.1.3. Update Output Based on CNVSTR Edge

The IDAC output can also be configured to update on a rising edge, falling edge, or both edges of the
external CNVSTR signal. When the IDAOCM bits (IDAOCN.[6:4]) are set to 100, 101, or 110, writes to both
IDAC data registers (IDAOL and IDAOH) are held until an edge occurs on the CNVSTR input pin. The par-
ticular setting of the IDAOCM bits determines whether IDAC outputs are updated on rising, falling, or both
edges of CNVSTR. When a corresponding edge occurs, the IDAOH:IDAOL contents are copied to the IDAC
input latches, allowing the IDAC output to change to the new value.

9.2. IDAC Output Mapping

The IDAC data registers (IDAOH and IDAOL) are left-justified, meaning that the eight MSBs of the IDAC
output word are mapped to bits 7-0 of the IDAOH register, and the two LSBs of the IDAC output word are
mapped to bits 7 and 6 of the IDAOL register. The data word mapping for the IDAC is shown in Figure 9.2.

IDAOL
B1 | BO

IDAOH
B9 [ B8 | B7 | B6 | B5 | B4 | B3 | B2

Input Data Word
(IDAQ9-IDA00)

Output Current
IDAOOMD[1:0] = 1x

Output Current
IDAOOMD[1:0] =01

Output Current
IDAOOMD[1:0] = 00

0x000 0 mA 0 mA 0 mA

0x001 1/1024 x 2 mA 1/1024 x 1 mA 1/1024 x 0.5 mA
0x200 512/1024 x 2 mA 512/1024 x 1 mA 512/1024 x 0.5 mA
Ox3FF 1023/1024 x 2 mA 1023/1024 x 1 mA 1023/1024 x 0.5 mA

Figure 9.2. IDAO Data Word Mapping

The full-scale output current of the IDAC is selected using the IDAOOMD bits (IDAOCNJ[1:0]). By default,
the IDAC is set to a full-scale output current of 2 mA. The IDAOOMD bits can also be configured to provide
full-scale output currents of 1 mA or 0.5 mA, as shown in SFR Definition 9.1.
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SFR Definition 9.1. IDAOCN: IDAO Control

Bit 7 6 5 4 3 2 1 0
Name | IDAOEN IDAOCM[2:0] IDAOOMDI[1:0]
Type | RW RIW R R RIW
Reset 0 1 1 1 0 0 1 0

SFR Address = 0xB9
Bit Name Function
7 IDACEN  |IDAO Enable.

0: IDAO Disabled.
1: IDAO Enabled.

6:4 | IDAOCM[2:0] |IDAO Update Source Select bits.

000: DAC output updates on Timer 0 overflow.

001: DAC output updates on Timer 1 overflow.

010: DAC output updates on Timer 2 overflow.

011: DAC output updates on Timer 3 overflow.

100: DAC output updates on rising edge of CNVSTR.
101: DAC output updates on falling edge of CNVSTR.
110: DAC output updates on any edge of CNVSTR.
111: DAC output updates on write to IDAOH.

3.2 Unused Unused. Read = 00b. Write = Don't care.
1:0 | IDAOOMDI1:0] | IDAO O