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Full Speed USB Flash MCU Family

Analog Peripherals
- 10 Bit ADC (C8051F340/1/2/3/4/5/6/7/A/B only)
Up to 200 ksps
Built-in analog multiplexer with single-ended and
differential mode
VREF from external pin, internal reference, or Vpp
Built-in temperature sensor
External conversion start |nput OptIOI’l
- Two comparators
- Internal voltage reference
(C8051F340/1/2/3/4/5/6/7/A/IB only)
Brown-out detector and POR Circuitry
USB Function Controller
- USB specification 2.0 compliant
Full speed (12 Mbps) or low speed (1.5 Mbps) operation
Integrated clock recovery; no external crystal required for
full speed or low speed
Supports eight flexible endpoints
- 1 kB USB buffer memory
- Integrated transceiver; no external resistors required
On-Chip Debug
- On-chip debug circuitry facilitates full speed, non-intru-
sive in-system debug (No emulator required)
- Provides breakpoints, single stepping,
inspect/modify memory and registers
- Superior performance to emulation systems using
ICE-chips, target pods, and sockets
Voltage Supply Input: 2.7t0 5.25V
- Voltages from 3.6 to 5.25 V supported using On-Chip
Voltage Regulator

ANALOG
PERIPHERALS

I

10-bit
200 ksps

TEMP

[}
i
i ADC
i
|
[}

L

C8051F340/1/2/34/5/6/7/A/B Only

High Speed 8051 uC Core
- Pipelined instruction architecture; executes 70% of
Instructions in 1 or 2 system clocks

- 48 MIPS and 25 MIPS versions available.
- Expanded interrupt handler

Memory

- 4352 or 2304 Bytes RAM

- 64 or 32 kB Flash; In-system programmable in 512-byte
sectors

Digital Peripherals

- 40/25 Port I/0; All 5 V tolerant with high sink current

- Hardware enhanced SPI™, SMBus™, and one or two
enhanced UART serial ports

- Four general purpose 16-bit counter/timers

- 16-bit programmable counter array (PCA) with five cap-
ture/compare modules

- External Memory Interface (EMIF)

Clock Sources

- Internal Oscillator: £0.25% accuracy with clock recovery
enabled. Supports all USB and UART modes

- External Oscillator: Crystal, RC, C, or clock (1 or 2 Pin
modes)

- Low Frequency (80 kHz) Internal Oscillator

- Can switch between clock sources on-the-fly

Packages

- 48-pin TQFP (C8051F340/1/4/5/8IC)

- 32-pin LQFP (C8051F342/3/6/7/9/A/B/D)

- 5x5 mm 32-pin QFN (C8051F342/3/6/7/9/A/B)

Temperature Range: —40 to +85 °C
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C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

1. System Overview

C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D devices are fully integrated mixed-signal System-on-a-Chip MCUSs.
Highlighted features are listed below. Refer to Table 1.1 for specific product feature selection.

e High-speed pipelined 8051-compatible microcontroller core (up to 48 MIPS)

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

« Universal Serial Bus (USB) Function Controller with eight flexible endpoint pipes, integrated trans-
ceiver, and 1 kB FIFO RAM

e Supply Voltage Regulator

e True 10-bit 200 ksps differential / single-ended ADC with analog multiplexer

« On-chip Voltage Reference and Temperature Sensor

e On-chip Voltage Comparators (2)

e Precision internal calibrated 12 MHz internal oscillator and 4x clock multiplier

» Internal low-frequency oscillator for additional power savings

« Up to 64 kB of on-chip Flash memory

e Up to 4352 Bytes of on-chip RAM (256 + 4 kB)

« External Memory Interface (EMIF) available on 48-pin versions.

e SMBus/I2C, up to 2 UARTs, and Enhanced SPI serial interfaces implemented in hardware

e Four general-purpose 16-bit timers

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

»  On-chip Power-On Reset, Vpp Monitor, and Missing Clock Detector

* Upto 40 Port /O (5 V tolerant)

With on-chip Power-On Reset, Vpp monitor, Voltage Regulator, Watchdog Timer, and clock oscillator,

CB8051F340/1/2/3/4/5/6/7/8/9/A/BIC/D devices are truly stand-alone System-on-a-Chip solutions. The
Flash memory can be reprogrammed 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 2.7-5.25 V operation over the industrial temperature range (—40 to +85 °C).
For voltages above 3.6 V, the on-chip Voltage Regulator must be used. A minimum of 3.0 V is required for
USB communication. The Port I/O and RST pins are tolerant of input signals up to 5 V. C8051F340/1/2/3/
4/5/6/7/8/9/A/BIC/D devices are available in 48-pin TQFP, 32-pin LQFP, or 32-pin QFN packages. See
Table 1.1, “Product Selection Guide,” on page 18 for feature and package choices.
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C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

Table 1.1. Product Selection Guide
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C8051F340-GQ 48 | 64k | 4352 | v |v |v |v|v|vi|2|a|v|a |v|v|v]|v]|2| TQFpas
C8051F341-GQ 48 | 32k | 2304 | v | v | v |v|v]|v]|2 v|a |v|v|v]|v]2]| Torpas
C8051F342-GQ 48 | 64k | 4352 | v | v |v | v |v|v|1|a|v]| 25 |—|v|v]|v]|2]| LQFP32
C8051F342-GM 48 | 64k | 4352 | v | v | v |v|v|vi|1]a|v|2s|—|v|v|v]|2]| QFN32
C8051F343-GQ 48 | 32k [ 2304 | v | v |v | v |v|v|1|a|v]| 25 |—|v|v]|v]|2]| LQFP32
C8051F343-GM 48 | 32k | 2304 |V |V |V | VI V| V|1 |4 |V ]| 25 |—|V I IV V]2 QFN32
C8051F344-GQ 25 | 64k | 4352 | v | v | v |v|v|v]|2|a|v|a |v|v]|v]|v|2]| ToFP4s
C8051F345-GQ 25 | 32k | 2304 | v | v |v|v|v|v|2|al|v|a |v|v|v]|v|2]| TQFPas
C8051F346-GQ 25 |64k | 4352 | v |—|v|v|v|v|1|al|v]2s|—|v|v]|v]2]| LoFP32
C8051F346-GM 25 | 64k | 4352 | v | —|v |v|v|v|1|a|v|2s |—|v|v|v|2]| QFN32
C8051F347-GQ 25 | 32k | 2304 | v |—|v|v|v|v|1|a|v]|2 |—|v|v]|v]|2]| LQFP32
C8051F347-GM 25 | 32k | 2304 | v |—| v |v|v|v|1|a|v]|2 |—|v|v]|v]|2| QFN32
C8051F348-GQ 25 |32k | 2304 | v | v |v|v|v|v|2|al|v|a |v|—|—|—|2]| ToFPas
C8051F349-GQ 25 | 32k [ 2304 |V |V |V |V |V |V |1 4 | v | 25 | —| —|—| —]| 2 LQFP32
C8051F349-GM 25 | 32k | 2304 | v | v |v|v|v|v|1|lal|v| 25 | —|—|—|—]|2]| oFn32
C8051F34A-GQ 48 | 64k | 4352 | v | v | v v v]|v|2|a|v]| 2 |—|v|v]|v]|2]| LOFP32
C8051F34A-GM 48 | 64k | 4352 |V |V |V |V |V |V | 2 4 | v | 25 |—| V|V |V ]2 QFN32
C8051F34B-GQ 48 | 32k [ 2304 | v | v | v |v|v|v|2|a|v]| 2 |—|v|v]|v]|2]| LQFP32
C8051F34B-GM 48 | 32k | 2304 | v | v | v |v|v|v|2|a|v|2s |—|v|v|v]|2]| QFN32
C8051F34C-GQ 48 | 64k | 4352 | v | v | v |v|v|v|2]|4a]|v|a |v|—|—=|—]|2]| TQFP4s
C8051F34D-GQ 48 | 64k | 4352 | v | v | v |v|v|vi]1]a|v| 2 |—|—|—|—]|2]| LoFP32
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C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

c2p . ->| Port I/O Configuration
Debug / Programming
— Hardware . - X P0.0
C2CKIRST Digital Peripherals R Po.1
X Po.
Reset ¥ UARTO |« —| 59“ 0 R P03
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Reset Timers 0, 1, N X P1.0
64/32k Byte ISP FLASH 2,3 Priority [T~ K P12
Supply Program Memory > Crossbar Port 1 B 1 acnvsTR
. i > X
Monitor o PCAWDT ko Decoder Drivers > PLEVRER
VoD & o 256 Byte RAM - v >X P17
SR
Voltage SPI Port 2 B 22;5
VREG Regulator 412k Byte XRAM Drivers 5 P
| Crossbar Control | G
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P
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Speed 10-bit AINO - AIN19
Transceiver 1k Byte 200ksps
VBUS RAM ADC

Figure 1.1. C8051F340/1/4/5 Block Diagram
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C2D —» X ->| Port 1/0 Configuration
Debug / Programming
—r Hardware T X P0.0
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64/32 kB ISP FLASH 2,3 Priority B Eié
Supply Program Memory N Crossbar > ;c_)rt 1 PL3
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D+ Controller 2 Comparators
D- Full / Low € VDD
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*Low Frequency Oscillator option not available on C8051F346/7
Figure 1.2. C8051F342/3/6/7 Block Diagram
®
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C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

c2p . ->| Port I/O Configuration
Debug / Programming
gy Hardware . - P0.0
C2CKIRST Digital Peripherals Fo1
Reset ! UARTO —s{ Port0 P03
CIP-51 8051 Drivers P05
UART1 P0.6/XTALL
Power-On Controller Core v POTIXTAL2
Reset Timers 0, 1, o P10
64/32 kB ISP FLASH 2,3 Priority 7~ P12
Supply Program Memory N Crossbar Port 1 P13
Monitor Decoder Drivers Egﬁg\égm
e~ PCA/WDT [« m Plo
VoD ——————> 256 Byte RAM — v PL7
Net [ Svieus_| 28
Voltage SPI Port 2 Poa
VREG Regulator 412 kB XRAM Drivers P24
| Crossbar Control | 2
GND P2.7
T SFR ¥ P3.0
< P3.1
System Clock Setup |L{ BUS |_,| External Memory P32
Interface L, Port3 P33
XTAL1 —» External p1 Drivers P3.4
XTAL2 —»{ Oscillator Clock R S P
. P3.7
itemal || Multpler s
Oscillator e P4 < P4.1
; [ oma % | pone g irt
Clock Low Freq. Drivers Pa.4
Recovery Oscillator Ei;i
P47
! Analog Peripherals
USB Peripheral o
D+ > 4_<
. Full / Low Controller . CP1 :
Speed )
VBUS Transceiver 1k Byte 2 Comparators
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Figure 1.3. C8051F348/C Block Diagram
®
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C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

C2D —> ) ->| Port I/O Configuration
Debug / Programming
— Hardware o X < »X] P0.0
C2CKIRST Digital Peripherals Pl
= .
Reset i UARTO |« —»| Port0 ) PO.3IXTAL2
CIP-51 8051 Drivers > ros
Xl PO.6/CNVSTR
Power-On Controller Core Y 5 PO.7IVREF
Reset Timers 0, 1, PN »X] P1.0
64/32 kB ISP FLASH 2.3 Priority [~ DI S s
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Net <1
Voltage SPI Port2 [« 3 8 s
VRES Regulator 4/2 kB XRAM Drivers S p2a
| Crossbar Control P
GND T SFR v X P2.7
X P3.0/C2D
System Clock Setup | |BUS
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Internal Multiplier
Oscillator [
+
Clock Low Freq.
Recovery Oscillator
! Analog Peripherals
USB Peripheral Po
b Controller cP1 :
D- Full / Low e~ —<
Speed
VBUS Transceiver | | ;1 a pam 2 Comparators
Figure 1.4. C8051F349/D Block Diagram
®
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C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

C2D —> ) —>| Port 1/0 Configuration
Debug / Programming
— Hardware . . < »X] P0.0
C2CKRST [ > Digital Peripherals « ol
Reset v UARTO J«] 59”0 R PO
CIP-51 8051 TIVETS e »X] P05
] UART1 < ] P0.6/CNVSTR
Power-On| | Controller Core — >X PO.7VREF
Reset Timers 0,1, | | < PRPLO
64/32 kB ISP FLASH 2,3 Priority [ D > P12
Supply | | Program Memory N Crossbar > ;’9“1 > >R P13
Monitor Decoder rvers < & pis
VoD [ ~ N PCAMDT 1, < »X] P16
4 Do 256 Byte RAM - -~ X PL7
Nt ggre
Voltage SPI Port2 [ 3B 3
VRES B Regulator 4/2 kB XRAM Drivers |¢ > P2.4
| Crossbar Control 5 s
GND X ¢ >X P2.7
% 1 SFR T >3] P3.0/C2D
System Clock Setup | | BYS
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XTALL —»( External N Drivers
XTAL2 —» Oscillator Clock
Internal Multiplier
i >
Oscillator €
f
Clock Low Freq.
"| Recove Oscillator* .
i Analog Peripherals
] cPO .
. I
USB Peripheral VoD wer P A
o _»—PO o <
IZ+ s ( ) Eull/ Low Controller 2 Comparators
“ \/ Speed “ mj— VDD | AINO-AIN20
VBUS [ Transceiver 1 kB RAM U Temp
X Sensor
Figure 1.5. C8051F34A/B Block Diagram
®
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C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

2. Absolute Maximum Ratings

Table 2.1. Absolute Maximum Ratings*

Parameter Conditions Min Typ Max Units
Ambient temperature under bias -55 125 °C
Storage Temperature —65 150 °C
Voltage on any Port I/O 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 and 500 mA
GND
Maximum output current sunk by RST or any 100 mA
Port pin

*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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C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

3. Global DC Electrical Characteristics

Table 3.1. Global DC Electrical Characteristics
—40 to +85 °C, 25 MHz System Clock unless otherwise specified.

Parameter Conditions Min Typ Max Units
Digital Supply Voltage® VRST | 3.3 3.6 v
Digital Supply RAM Data 15 v
Retention Voltage '
SYSCLK (System Clock)? C8051F340/1/2/3/A/BIC/D 0 48 MHz
C8051F344/5/6/7/8/9 0 25
Specified Operating _40 85 oc
Temperature Range
Digital Supply Current - CPU Active (Normal Mode, accessing Flash)
lbp® Vpp = 3.3V, SYSCLK = 48 MHz 259 | 285 mA
Vpp = 3.3V, SYSCLK =24 MHz 13.9 15.7 mA
Vpp = 3.3V, SYSCLK =1 MHz 0.69 mA
Vpp = 3.3V, SYSCLK = 80 kHz 55 HA
Vpp = 3.6 V, SYSCLK =48 MHz 29.7 32.3 mA
Vpp = 3.6 V, SYSCLK =24 MHz 15.9 18 mA
Iop Supply Sensitivity># SYSCLK =1 MHz, 47 %IV
relative to Vpp =3.3V
SYSCLK = 24 MHz, 46 %IV
relative to Vpp =3.3V
Iop Frequency Sensitivity>®  [Vpp = 3.3 V, SYSCLK < 30 MHz, 0.69 mA/MHz
T=25°C
Vpp = 3.3V, SYSCLK > 30 MHz, 0.44 mA/MHz
T=25°C
Vpp = 3.6 V, SYSCLK < 30 MHz, 0.80 MA/MHz
T=25°C
Vpp = 3.6 V, SYSCLK > 30 MHz, 0.50 mA/MHz
T=25°C
Digital Supply Current - CPU Inactive (Idle Mode, not accessing Flash)
lbp® Vpp = 3.3V, SYSCLK = 48 MHz 16.6 | 1875 | mA
Vpp = 3.3V, SYSCLK =24 MHz 8.25 9.34 mA
Vpp = 3.3V, SYSCLK =1 MHz 0.44 mA
Vpp = 3.3V, SYSCLK = 80 kHz 35 HA
Vpp = 3.6 V, SYSCLK =48 MHz 18.6 20.9 mA
Vpp = 3.6 V, SYSCLK =24 MHz 9.26 105 mA
Iop Supply Sensitivity># SYSCLK =1 MHz, 41 %IV
relative to Vpp =3.3V
SYSCLK = 24 MHz, 39 %IV
relative to Vpp =3.3V
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C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

Table 3.1. Global DC Electrical Characteristics (Continued)

—40to +85 °C, 25 MHz System Clock unless otherwise specified.

Parameter Conditions Min Typ Max Units
Ipp Frequency Sensitivity>®  |Vpp = 3.3 V, SYSCLK < 1 MHz, 0.44 mA/MHz
T=25°C
Vpp = 3.3V, SYSCLK > 1 MHz, 0.32 mMA/MHz
T=25°C
Vpp = 3.6 V, SYSCLK < 1 MHz, 0.49 mMA/MHz
T=25°C
Vpp = 3.6 V, SYSCLK > 1 MHz, 0.36 mMA/MHz
T=25°C
Digital Supply Current (Stop Oscillator not running, <01 A
Mode, shutdown) Vpp monitor disabled : H
Digital Supply Current for USB |v, = 3.3V, USB Clock = 48 MHz 8.69 mA
Module (USB Active Mode)
Vpp = 3.6 V, USB Clock = 48 MHz 9.59 mA
Digital Supply Current for USB |Oscillator not running <01 A
Module (USB Suspend Mode) |Vpp monitor disabled ) H

Notes:

1. USB Requires 3.0 V Minimum Supply Voltage.

2. SYSCLK must be at least 32 kHz to enable debugging.

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

4. Active and Inactive Ipp at voltages and frequencies other than those specified can be calculated using the Ipp
Supply Sensitivity. For example, if the Vpp is 3.0 V instead of 3.3 V at 24 MHz: Ipp = 13.9 mA typical at 3.3 V
and SYSCLK = 24 MHz. From this, Ipp = 13.9 mA + 0.46 X (3.0 V —3.3V) = 13.76 mA at 3.0 V and SYSCLK

= 24 MHz.

5. Ipp can be estimated for frequencies < 30 MHz by multiplying the frequency of interest by the frequency
sensitivity number for that range. When using these numbers to estimate Ipp for > 30 MHz, the estimate should
be the current at 24 MHz (or 48 MHz) minus the difference in current indicated by the frequency sensitivity
number. For example: Vpp = 3.3 V; SYSCLK = 35 MHz, Ipp = 13.9 mA — (24 MHz — 35 MHz) x 0.44 mA/MHz =

18.74 mA.

6. Idle Ipp can be estimated for frequencies < 1 MHz by multiplying the frequency of interest by the frequency
sensitivity number for that range. When using these numbers to estimate Idle Ipp for > 1 MHz, the estimate
should be the current at 24 MHz (or 48 MHz) minus the difference in current indicated by the frequency
sensitivity number. For example: Vpp = 3.3 V; SYSCLK =5 MHz, Idle Ipp = 8.25 mA — (24 MHz — 5 MHz) x

0.32 mA/MHz = 2.17 mA.

Other electrical characteristics tables are found in the data sheet section corresponding to the associated
peripherals. For more information on electrical characteristics for a specific peripheral, refer to the page

indicated in Table 3.2.
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C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

Table 3.2. Index to Electrical Characteristics Tables

Table Title Page No.
ADCO Electrical Characteristics 56
Voltage Reference Electrical Characteristics 58
Comparator Electrical Characteristics 68
Voltage Regulator Electrical Specifications 69
Reset Electrical Characteristics 106
Flash Electrical Characteristics 109
AC Parameters for External Memory Interface 130
Oscillator Electrical Characteristics 141
Port I/0 DC Electrical Characteristics 158
USB Transceiver Electrical Characteristics 187
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C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D

Pin Numbers

Name Type |Description
48-pin | 32-pin yp P
Vpp 10 6 Power In |2.7-3.6 V Power Supply Voltage Input.
Power |3.3V Voltage Regulator Output. See Section 8.
Out

GND 7 Ground.

RST/ 13 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 ps. See Section 11.

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

c2D 14 — D I/O |Bi-directional data signal for the C2 Debug Interface.

P3.0/ — 10 D I/O |Port 3.0. See Section 15 for a complete description of Port

3.
C2D D I/O
Bi-directional data signal for the C2 Debug Interface.

REGIN 11 7 Power In |5 V Regulator Input. This pin is the input to the on-chip volt-
age regulator.

VBUS 12 8 D In |VBUS Sense Input. This pin should be connected to the
VBUS signal of a USB network. A 5 V signal on this pin indi-
cates a USB network connection.

D+ 8 4 D1/O |USB D+.

D- D1/O |USB D-.

P0.0 D I/O or |Port 0.0. See Section 15 for a complete description of Port
Aln |0.

PO.1 5 1 D I/O or |Port 0.1.
Aln

P0.2 4 32 D I/O or |Port 0.2.
Aln

P0.3 3 31 D I/O or |Port 0.3.
Aln

P0.4 2 30 |DI/Oor |Port0.4.
Aln

P0.5 1 29 | DI/Oor |Port0.5.
Aln

P0.6 48 28 | DI/Oor |Port0.6.
Aln

PO0.7 47 27 | DI/Oor |Port0.7.
Aln
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C8051F340/1/2/3/4/5/6/7/8/9/A/BI/C/D

Table 4.1. Pin Definitions for the C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D (Continued)

Pin Numbers

Name Type |Description
48-pin | 32-pin yP P
P1.0 46 26 | D1/O or |Port 1.0. See Section 15 for a complete description of Port
Aln |1
P1.1 45 25 | DI/Oor |Port1.1.
Aln
P1.2 44 24 | DI/Oor |Port 1.2
Aln
P1.3 43 23 | DI/Oor |Port1.3.
Aln
P14 42 22 |DI/Oor |Port1.4.
Aln
P1.5 41 21 | DIl/Oor |Portl5.
Aln
P1.6 40 20 | D1/Oor |Port1.6.
Aln
P1.7 39 19 | DV/Oor |Portl.7.
Aln
pP2.0 38 18 | DI/Oor |Port 2.0. See Section 15 for a complete description of Port
Aln |2
P2.1 37 17 | DI/Oor |Port2.1.
Aln
pP2.2 36 16 |DI/Oor |Port2.2.
Aln
P2.3 35 15 D I/O or |Port 2.3.
Aln
P2.4 34 14 D I/O or |Port 2.4.
Aln
P2.5 33 13 D I/O or |Port 2.5.
Aln
P2.6 32 12 | D1/Oor |Port2.6.
Aln
pP2.7 31 11 | DI/Oor |Port2.7.
Aln
P3.0 30 — D I/O or |Port 3.0. See Section 15 for a complete description of Port
Aln |3
P3.1 29 — | DI/Oor |Port 3.1.
Aln
P3.2 28 — | DI/Oor |Port 3.2.
Aln
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Table 4.1. Pin Definitions for the C8051F340/1/2/3/4/5/6/7/8/9/A/B/C/D (Continued)

Pin Numbers

Name Type |Description
48-pin | 32-pin yP P

P3.3 27 — D I/O or |Port 3.3.
Aln

P3.4 26 — D I/O or |Port 3.4.
Aln

P3.5 25 — D I/O or |Port 3.5.
Aln

P3.6 24 — D I/O or |Port 3.6.
Aln

P3.7 23 — D I/O or |Port 3.7.
Aln

P4.0 22 — | D1/O or |Port 4.0. See Section 15 for a complete description of Port
Aln 4.

P4.1 21 — D /O or |Port 4.1.
Aln

P4.2 20 — D I/O or |Port 4.2.
Aln

P4.3 19 — D I/O or |Port 4.3.
Aln

P4.4 18 — D I/O or |Port 4.4.
Aln

P4.5 17 — D I/O or |Port 4.5.
Aln

P4.6 16 — D I/O or |Port 4.6.
Aln

P4.7 15 — D I/O or |Port 4.7.
Aln
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PO.5 [1_| ] P22
P0.4 [2 | ] P23
P0.3 [ 3] %] P24
PO.2 | 4 =] P25
P0.1 [5 | =1 P26
oo (=]  C8051F340/1/4/5/8/C-GQ  [=7 r2s
GND [ 7 Top View 0] P3.0
D+ [ ] 2] P3.1
D- [ | % | P3.2
VDD [0 | [ 27 ] P3.3
REGIN [ | ] P34
VBUS [ 12| [ 25 ] P35

-
\-

C2D | 14
P4.7 | 15
P4.6 [ 16
P45 | w7
P4.4 [
P4.3 | 1
P4.2 | 20
P41 | 2
P4.0 | 22
P3.7 | 23
P3.6 | 24

RST/C2CK | 13

Figure 4.1. TQFP-48 Pinout Diagram (Top View)
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Figure 4.2. TQFP-48 Package Diagram

Table 4.2. TQFP-48 Package Dimensions

Dimension Min Nom Max
A — — 1.20
Al 0.05 — 0.15
A2 0.95 1.00 1.05
b 0.17 0.22 0.27
c 0.09 — 0.20
D 9.00 BSC
D1 7.00 BSC
e 0.50 BSC
E 9.00 BSC
El 7.00 BSC
L 0.45 0.60 0.75
aaa 0.20
bbb 0.20
cce 0.08
ddd 0.08
0 0° | 35° 7°
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 outline MS-026, variation ABC.
4. The recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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J LXI Y1

Figure 4.3. TQFP-48 Recommended PCB Land Pattern

Table 4.3. TQFP-48 PCB Land Pattern Dimensions

Dimension Min Max
C1 8.30 8.40
Cc2 8.30 8.40
E 0.50 BSC
X1 0.20 0.30
Y1 1.40 1.50
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 60 um 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 0.125 mm (5 mils).

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

Card Assembly:

7. A No-Clean, Type-3 solder paste is recommended.

8. The recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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Figure 4.4. LQFP-32 Pinout Diagram (Top View)
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Figure 4.5. LQFP-32 Package Diagram

Table 4.4. LQFP-32 Package Dimensions

Dimension Min Nom Max
A — — 1.60
Al 0.05 — 0.15
A2 1.35 1.40 1.45
b 0.30 0.37 0.45
c 0.09 — 0.20
D 9.00 BSC
D1 7.00 BSC
e 0.80 BSC
E 9.00 BSC
El 7.00 BSC
L 0.45 0.60 0.75
aaa 0.20
bbb 0.20
cce 0.10
ddd 0.20
0 0° | 3.5° | 7°
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 outline MS-026, variation BBA.
4. The recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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Figure 4.6. LQFP-32 Recommended PCB Land Pattern

Table 4.5. LQFP-32 PCB Land Pattern Dimensions

Dimension Min Max
C1 8.40 8.50
Cc2 8.40 8.50
E 0.80 BSC
X1 0.40 0.50
Y1 1.25 1.35
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 60 pum 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 0.125 mm (5 mils).

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

Card Assembly:

7. A No-Clean, Type-3 solder paste is recommended.

8. The recommended card reflow profile is per the JEDEC/IPC J-STD-020
specification for Small Body Components.
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Figure 4.7. QFN-32 Pinout Diagram (Top View)
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Figure 4.8. QFN-32 Package Drawing

Table 4.6. QFN-32 Package Dimensions

Dimension Min Nom Max
A 0.80 0.9 1.00
Al 0.00 0.02 0.05
b 0.18 0.25 0.30
D 5.00 BSC
D2 3.20 3.30 3.40
0.50 BSC
E 5.00 BSC
E2 3.20 3.30 3.40
L 0.30 0.40 0.50
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 VHHD except for custom features D2, E2, and L 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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Table 4.6. QFN-32 Package Dimensions (Continued)

Dimension Min Nom Max
L1 0.00 — 0.15
aaa — — 0.15
bbb — — 0.10
ddd — — 0.05
eee — — 0.08
Notes:

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

2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.

3. This drawing conforms to the JEDEC Solid State Outline MO-220,
variation VHHD except for custom features D2, E2, and L 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 4.9. QFN-32 Recommended PCB Land Pattern

Table 4.7. QFN-32 PCB Land Pattern Dimesions

Dimension Min Max Dimension Min Max
C1l 4.80 4.90 X2 3.20 3.40
Cc2 4.80 4.90 Y1l 0.75 0.85
E 0.50 BSC Y2 3.20 3.40
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 0.125 mm (5 mils).
6. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
7. A 3x3array of 1.0 mm openings on a 1.2mm pitch should be used for the center pad to assure
the proper paste volume.
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-020 specification for Small
Body Components.
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5. 10-Bit ADC (ADCO, C8051F340/1/2/3/4/5/6/7/A/B Only)

The ADCO subsystem for the C8051F34x devices consists of two analog multiplexers (referred to collec-
tively as AMUXO0), and a 200 ksps, 10-bit successive-approximation-register ADC with integrated
track-and-hold and programmable window detector. The AMUXO, data conversion modes, and window
detector are all configured under software control via the Special Function Registers shown in Figure 5.1.
ADCO operates in both Single-ended and Differential modes, and may be configured to measure voltages
at port pins, the Temperature Sensor output, or Vpp with respect to a port pin, VREF, or GND. The connec-
tion options for AMUXO are detailed in SFR Definition 5.1 and SFR Definition 5.2. The ADCO subsystem is
enabled only when the ADOEN bit in the ADCO Control register (ADCOCN) is set to logic 1. The ADCO sub-
system is in low power shutdown when this bit is logic O.

AMXO0P ADCOCN
S oo > Ela|d|o
SEEEIE AEEEEEE
SHEEE 5/3/3|8(3|5/5/8
LS <|<|<(2|2|]|1|<
Port 110
Pins* 7 VDD Start 000 —— ADOBUSY (W)
Positive Conversion | 901 +—— Timer 0 Overflow
Input 010 —— Timer 2 Overflow
VDD ———
(AIN+) 011 —— Timer 1 Overflow
AMUX [5] | 200 —cnvSTR Input
Temp . 5] 101 —— Timer 3 Overflow
Sensor 10'B|t _>8
AIN+ SAR <
"\ ADC ||z
Port 1/10 Ia)
; B
Pins* _ <
Negative T VZ YT e
Input ol &
—>
VREF (AIN-) 0 ADOWINT
AMUX @ 1
GND ——— > ——[—1 X . X Window
Compare
s|lo|a|od|o <|mln||olE= | 1 32 Logi
1) ogic
SEEIEIE ?|2|3|2|2|=2 [ADCOLTH][ADCOLTL]
ololo|lo|o|a
HHEHEEEEEEE
| |
* 21 Selections on 32-pin package AMXON ADCOCF [ADCOGTH]|[ADCOGTL|
20 Selections on 48-pin package
Figure 5.1. ADCO Functional Block Diagram
®
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5.1. Analog Multiplexer

AMUXO selects the positive and negative inputs to the ADC. The positive input (AIN+) can be connected to
individual Port pins, the on-chip temperature sensor, or the positive power supply (Vpp). The negative
input (AIN-) can be connected to individual Port pins, VREF, or GND. When GND is selected as the neg-
ative input, ADCO operates in Single-ended Mode; at all other times, ADCO operates in Differential
Mode. The ADCO input channels are selected in the AMXOP and AMXON registers as described in SFR
Definition 5.1 and SFR Definition 5.2.

The conversion 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 bit
(ADCOCN.0). 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-justi-
fied and left-justified data. Unused bits in the ADCOH and ADCOL registers are set to ‘0.

Input Voltage
(Single-Ended)

Right-Justified ADCOH:ADCOL
(ADOLJST =0)

Left-Justified ADCOH:ADCOL
(ADOLJST =1)

VREF x 1023/1024 Ox03FF 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
(Differential) (ADOLJST =0) (ADOLJST =1)
VREF x 511/512 Ox01FF 0x7FCO
VREF x 256/512 0x0100 0x4000
0 0x0000 0x0000
—-VREF x 256/512 O0xFF00 0xC000
-VREF OxFEOQO 0x8000

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 (for n = 0,1,2,3). To force the Crossbar to skip a
Port pin, set to ‘1’ the corresponding bit in register PnSKIP (for n = 0,1,2). See Section “15. Port Input/
Output” on page 142 for more Port I/O configuration details.
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5.2. Temperature Sensor

The temperature sensor transfer function is shown in Figure 5.2. The output voltage (Vtgpp) is the positive
ADC input when the temperature sensor is selected by bits AMX0P4-0 in register AMXOP. Values for the
Offset and Slope parameters can be found in Table 5.1.

Vremp = (Gain x Tempc) + Offset

.
L
-
o
L
-

Tempc = (Vrewp - Offset) / Gain

.:| Gain (V / deg C)

A

Offset (V at 0 Celsius)

Voltage
L1

Temperature

Figure 5.2. Temperature Sensor Transfer Function

The uncalibrated temperature sensor output is extremely linear and suitable for relative temperature mea-
surements (see Table 5.1 for linearity specifications). For absolute temperature measurements, offset and/
or gain calibration is recommended. Typically a 1-point (offset) calibration includes the following steps:

Step 1. Control/measure the ambient temperature (this temperature must be known).

Step 2. Power the device, and delay for a few seconds to allow for self-heating.

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

Step 4. Calculate the offset characteristics, and store this value in non-volatile memory for use
with subsequent temperature sensor measurements.

Figure 5.3 shows the typical temperature sensor error assuming a 1-point calibration at 25 °C. Note that
parameters which affect ADC measurement, in particular the voltage reference value, will also
affect temperature measurement.
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Figure 5.3. Temperature Sensor Error with 1-Point Calibration (VREF = 2.40 V)
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5.3. 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 (system clock divided by
(ADOSC + 1) for 0 < ADOSC < 31).

5.3.1. 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:

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

A Timer 3 overflow

oukrwnkE

Writing a ‘1’ to ADOBUSY provides software control of ADCO whereby conversions are performed
"on-demand". During conversion, the ADOBUSY bhit is set to logic 1 and reset to logic O when the conver-
sion is 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 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 Section “21. Timers” on page 235 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as a Port pin. When the
CNVSTR input is used as the ADCO conversion source, the associated Port pin should be skipped by the
Digital Crossbar. To configure the Crossbar to skip a pin, set the corresponding bit in the PnSKIP register
to ‘'1’. See Section “15. Port Input/Output” on page 142 for details on Port I/O configuration.
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5.3.2. Tracking Modes

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 track-
ing period of 3 SAR clocks (after the start-of-conversion signal). When the CNVSTR signal is used to initi-
ate conversions in low-power tracking mode, ADCO tracks only when CNVSTR is low; conversion begins
on the rising edge of CNVSTR (see Figure 5.4). 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 set-
tings are frequently changed, due to the settling time requirements described in Section “5.3.3. Settling
Time Requirements” on page 47.

A. ADCO Timing for External Trigger Source

CNVSTR
(ADOCM[2:0]=100)

1 2 3 4 5 6 7 8 9 10 11

SARClocks” 7 T )

ADOTM=1 | LOW POWer | gy 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)

1 2 3 4 5 6 7 8 9 10 11 12 13 14

SAR Clocks W

Low Power
or Convert

ADOTM=1 Track Convert Low Power Mode

1 2 3 4 5 6 7 8 9 10 11

Track or
ADOTM=0 Convert Convert Track

Figure 5.4. 10-Bit ADC Track and Conversion Example Timing
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5.3.3. Settling Time Requirements

When the ADCO input configuration is changed (i.e., a different AMUXO selection is made), a minimum
tracking time is required before an accurate conversion can be performed. This tracking time is determined
by the AMUXO resistance, the ADCO sampling capacitance, any external source resistance, and the accu-
racy 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 most applications, these three SAR clocks will meet the mini-
mum tracking time requirements.

Figure 5.5 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 5.1. When measuring the Temperature

Sensor output or Vpp with respect to GND, Rrgta. reduces to Ryyx. See Table 5.1 for ADCO minimum
settling time requirements.

2n
t= |n(5_A) X RrotaLCsampLE

Equation 5.1. 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 MUX Select
Select

| |

Px.x &—o Px.x g—o

MUX = 5k RMU)( = 5k

C 5pF C. =5pF

T SAMPLE
C.

SAMPLE =

SAMPLE ~

RC, R C RC,

SAMPLE Input™

R

= * *
Input MUX MUX

E

Mux =

CSAMPLE = sp
Px.x g'—o T o v

MUX Select

Figure 5.5. ADCO Equivalent Input Circuits
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SFR Definition 5.1. AMX0P: AMUXO0 Positive Channel Select

R R R RIW RIW RIW R/W RIW Reset Value
- | - ] - [AMX0P4 | AMXOP3 | AMXOP2 | AMXOP1 [ AMXOPO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

0xBB

Bits7-5: UNUSED. Read = 000b; Write = don't care.
Bits4-0: AMXO0P4-0: AMUXO Positive Input Selection

AMXO0P4-0 ADCO Positive Input ADCO Positive Input
(32-pin Package) (48-pin Package)

00000 P1.0 P2.0
00001 P1.1 pP2.1
00010 pP1.2 pP2.2
00011 P1.3 P2.3
00100 P14 P2.5
00101 P1.5 P2.6
00110 P1.6 P3.0
00111 P1.7 P3.1
01000 P2.0 P3.4
01001 P2.1 P3.5
01010 p2.2 P3.7
01011 P2.3 P4.0
01100 P2.4 P4.3
01101 P2.5 P4.4
01110 P2.6 P4.5
01111 P2.7 P4.6
10000 P3.0 RESERVED
10001 PO.0 P0.3
10010 PO.1 P0.4
10011 P0.4 P11
10100 PO.5 P1.2

10101 - 11101 RESERVED RESERVED
11110 Temp Sensor Temp Sensor
11111 Vbp Vpb
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SFR Definition 5.2. AMXON: AMUXO0 Negative Channel Select

R R R R/W R/W R/W R/W R/W Reset Value

- | - | - [AMXON4 | AMXON3 [ AMXON2 | AMXON1 [ AMXONO | 00000000

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

O0xBA
Bits7-5: UNUSED. Read = 000b; Write = don't care.
Bits4—0: AMXON4-0: AMUXO Negative Input Selection.
Note that when GND is selected as the Negative Input, ADCO operates in Single-ended
mode. For all other Negative Input selections, ADCO operates in Differential mode.
AMXON4-0 ADCO Negative Input ADCO Negative Input
(32-pin Package) (48-pin Package)
00000 P1.0 P2.0
00001 P1.1 P2.1
00010 P1.2 pP2.2
00011 P1.3 P2.3
00100 P1.4 P2.5
00101 P1.5 P2.6
00110 P1.6 P3.0
00111 P1.7 P3.1
01000 P2.0 P3.4
01001 P2.1 P3.5
01010 P2.2 P3.7
01011 P2.3 P4.0
01100 P2.4 P4.3
01101 P2.5 P4.4
01110 P2.6 P4.5
01111 P2.7 P4.6
10000 P3.0 RESERVED
10001 P0.0 P0.3
10010 PO.1 P0.4
10011 P0.4 P1.1
10100 P0.5 P1.2
10101 - 11101 RESERVED RESERVED

11110 VREF VREF
11111 GND (Single-Ended Mode) | GND (Single-Ended Mode)
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SFR Definition 5.3. ADCOCF: ADCO Configuration

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADOSC4 | ADOSC3 | ADOSC2 | ADOSC1 | ADOSCO [ADOLIST| - | - 11111000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xBC

Bits7—3: ADO0SC4-0: ADCO SAR Conversion Clock Period Bits.
SAR Conversion clock is derived from system clock by the following equation, where
ADOSC refers to the 5-bit value held in bits ADOSC4-0. SAR Conversion clock requirements
are given in Table 5.1.

ADO$ - m — 1
CLKSAR
Bit2: ADOLJST: ADCO Left Justify Select.

0: Data in ADCOH:ADCOL registers are right-justified.
1: Data in ADCOH:ADCOL registers are left-justified.
Bits1-0: UNUSED. Read = 00b; Write = don't care.

SFR Definition 5.4. ADCOH: ADCO Data Word MSB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| \ \ | \ \ | | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OXBE

Bits7—0: ADCO0 Data Word High-Order Bits.

For ADOLJST = 0: Bits 7-2 are the sign extension of Bit1. 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 5.5. ADCOL: ADCO Data Word LSB

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ \ \ | \ \ |oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 SFR Address:
0xBD

Bits7-0: 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 5.6. ADCOCN: ADCO Control

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
ADOEN | ADOTM | ADOINT [ADOBUSY|ADOWINT| ADOCM2 | ADOCM1 | ADOCMO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

(bit addressable)  OXES8

Bit7: ADOEN: ADCO Enable Bit.
0: ADCO Disabled. ADCQO is in low-power shutdown.
1: ADCO Enabled. ADCO is active and ready for data conversions.
Bit6: ADOTM: ADCO Track Mode Bit.
0: Normal Track Mode: When ADCO is enabled, tracking is continuous unless a conversion
is in progress.
1: Low-power Track Mode: Tracking Defined by ADOCM2-0 bits (see below).
Bit5: ADOINT: ADCO Conversion Complete Interrupt Flag.
0: ADCO has not completed a data conversion since the last time ADOINT was cleared.
1: ADCO has completed a data conversion.
Bit4: ADOBUSY: ADCO Busy Bit.
Read:
0: ADCO conversion is complete or a conversion is not currently in progress. ADOINT is set
to logic 1 on the falling edge of ADOBUSY.
1: ADCO conversion is in progress.

Write:

0: No Effect.

1: Initiates ADCO Conversion if ADOCM2-0 = 000b
Bit3: 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.
Bits2-0: ADOCM2-0: ADCO Start of Conversion Mode Select.
When ADOTM = 0:
000: ADCO conversion initiated on every 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 1.
100: ADCO conversion initiated on rising edge of external CNVSTR.
101: ADCO conversion initiated on overflow of Timer 3.
11x: Reserved.
When ADOTM = 1:
000: Tracking initiated on write of ‘1’ to ADOBUSY and lasts 3 SAR clocks, followed by conversion.
001: Tracking initiated on overflow of Timer 0 and lasts 3 SAR clocks, followed by conversion.
010: Tracking initiated on overflow of Timer 2 and lasts 3 SAR clocks, followed by conversion.
011: Tracking initiated on overflow of Timer 1 and lasts 3 SAR clocks, followed by conversion.
100: ADCO tracks only when CNVSTR input is logic low; conversion starts on rising CNVSTR edge.
101: Tracking initiated on overflow of Timer 3 and lasts 3 SAR clocks, followed by conversion.
11x: Reserved.
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5.4. Programmable Window Detector

The ADC Programmable Window Detector continuously compares the ADCO conversion results to

us

er-programmed 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 sys-
tem 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-

su
Le

red data is inside or outside of the user-programmed limits, depending on the contents of the ADCO
ss-Than and ADCO Greater-Than registers.

The Window Detector registers must be written with the same format (left/right justified, signed/unsigned)

as

that of the current ADC configuration (left/right justified, single-ended/differential).

SFR Definition 5.7. ADCOGTH: ADCO Greater-Than Data High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC4

Bits7—0: High byte of ADCO Greater-Than Data Word.

SFR Definition 5.8. ADCOGTL: ADCO Greater-Than Data Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
| | | | | | | | | 11111111
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC3

Bits7—0: Low byte of ADCO Greater-Than Data Word.
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SFR Definition 5.9. ADCOLTH: ADCO Less-Than Data High Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ \oooooooo
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC6

Bits7—0: High byte of ADCO Less-Than Data Word.

SFR Definition 5.10. ADCOLTL: ADCO Less-Than Data Low Byte

R/W R/W R/W R/W R/W R/W R/W R/W Reset Value
\ \ | \ \ \ \ | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC5

Bits7—0: Low byte of ADCO Less-Than Data Word.

®
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5.4.1. Window Detector In Single-Ended Mode

Figure 5.6 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 5.7 shows an exam-
ple using left-justified data with equivalent ADCOGT and ADCOLT register settings.

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(Px.x - GND) (Px.x - GND)

VREF x (1023/1024) | Ox03FF VREF x (1023/1024)
ADOWINT _
not affected ADOWINT=1
0x0081
VREF x (128/1024) |  0x0080  [#—— ADCOLTH:ADCOLTL | VREF x (128/1024) |  0x0080 |« ADCOGTH:ADCOGTL |
"""""""""""""""""" Ox007F
ADOWINT=1 ot afected
__________________________________ 0x0041
VREF x (64/1024) 0x0040 |4 ADCOGTH:ADCOGTL | VREF x (64/1024) 0x0040  |«—| ADCOLTH:ADCOLTL |
0X003F
ADOWINT ADOWINT=1
not affected
0 0x0000

Figure 5.6. 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 (1023/1024) OxFFCO VREF x (1023/1024)

ADOWINT

not affected ADOWINT=1

0x2040
VREF x (128/1024) 0x2000 <—| ADCOLTH:ADCOLTL |

0x2000 <—| ADCOGTH:ADCOGTL |
OXIFCO

ADOWINT=1 ot afecied
__________________________________ 0x1040
VREF x (64/1024) 0x1000  |«— ADCOGTH:ADCOGTL | VR 0x1000  [«— ADCOLTH:ADCOLTL |
0XOFCO
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 5.7. ADC Window Compare Example: Left-Justified Single-Ended Data
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5.4.2. Window Detector In Differential Mode

Figure 5.8 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*(511/512). Output codes are rep-
resented as 10-bit 2's complement signed integers. In the left example, an ADOWINT interrupt will be gen-
erated 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 5.9 shows an example using left-justified data with equivalent ADCOGT and ADCOLT register set-
tings.

ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(Px.x - Px.x) (Px.x - Px.x)
VREF x (511/512) OXO1FF VREF x (511/512)
ADOWINT _
not affected ADOWINT=1
0x0041
VREF x (64/512) 0x0040  |4— ADCOLTH:ADCOLTL | VREF x (64/512) 0x0040 | 4—| ADCOGTH:ADCOGTL |
"""""""""""""""""" 0x003F
ADOWINT=1 not affected
__________________________________ 0x0000
VREF x (-1/512) OXFFFF <—| ADCOGTH:ADCOGTL | VREF x (-1/512) OxFFFF 4—' ADCOLTH:ADCOLTL |
OXFFFE
ADOWINT ADOWINT=1
not affected
_VREF 0x0200

Figure 5.8. ADC Window Compare Example: Right-Justified Differential Data

ADCOH:ADCOL

Input Voltage A Input Voltage
(Px.x - Px.x) (Px.x - Px.y)
VREF x (511/512) OX7FCO VREF x (511/512)
ADOWINT _
not affected ADOWINT=1
0x1040
VREF x (64/512) 0x1000 4—' ADCOLTH:ADCOLTL | VREF x (64/512) 0x1000 4—' ADCOGTH:ADCOGTL |
"""""""""""""""""" 0xOFCO
ADOWINT=1 not affected
__________________________________ 0x0000
VREF x (-1/512) OXFFCO |&— ADCOGTH:ADCOGTL | VREF x (-1/512) OXFFCO  |&— ADCOLTH:ADCOLTL |
OxFF80
ADOWINT ADOWINT=1
not affected
_VREF 0x8000

Figure 5.9. ADC Window Compare Example: Left-Justified Differential Data
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Table 5.1. ADCO Electrical Characteristics
Vpp = 3.0V, VREF = 2.40 V, —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 -15 0 +15 LSB
Full Scale Error -15 -1 +15 LSB
Offset Temperature Coefficient 10 ppm/°C
Dynamic Performance (10 kHz sine-wave Single-ended input, 1 dB below Full Scale, 200 ksps)
Signal-to-Noise Plus Distortion 51 525 dB
Total Harmonic Distortion Up to the 5™ harmonic —67 dB
Spurious-Free Dynamic Range 78 dB
Conversion Rate
SAR Conversion Clock 3 MHz
Conversion Time in SAR Clocks 10 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
ﬁ;bé?\lllge Pin Voltage with respect Single Ended or Differential 0 Vbp \%
Input Capacitance 5 pF
Temperature Sensor
Linearity® +0.1 °C
Gain 2.86 mvV/°C
Gain Error? +33.5 Hv/eC
Offset! (Temp =0 °C) 776 mv
Offset Error? +8.51 mV

Power Specifications

Power Supply Current (Vpp sup-

Operating Mode, 200 ksps 400 900 A
plied to ADCO) perating P K

Power Supply Rejection +0.3 mV/V

Notes:
1. Includes ADC offset, gain, and linearity variations.
2. Represents one standard deviation from the mean.
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6. Voltage Reference (C8051F340/1/2/3/4/5/6/7/A/B Only)

The Voltage reference MUX on C8051F34x devices is configurable to use an externally connected voltage
reference, the on-chip reference voltage generator, or the power supply voltage Vpp (see Figure 6.1). The
REFSL bit in the Reference Control register (REFOCN) selects the reference source. For the internal refer-
ence or an external source, REFSL should be set to ‘0"; For Vpp as the reference source, REFSL should

be setto ‘1'.

The BIASE bit enables the internal ADC bias generator, which is used by the ADC and Internal Oscillator.
This enable is forced to logic 1 when either of the aforementioned peripherals is enabled. The ADC bias
generator may be enabled manually by writing a ‘1’ to the BIASE bit in register REFOCN; see SFR Defini-
tion 6.1 for REFOCN register details. The Reference bias generator (see Figure 6.1) is used by the Internal
Voltage Reference, Temperature Sensor, and Clock Multiplier. The Reference bias is automatically
enabled when any of the aforementioned peripherals are enabled. The electrical specifications for the volt-
age reference and bias circuits are given in Table 6.1.

Important Note About the VREF Pin: The VREF pin, when not using the on-chip voltage reference or an
external precision reference, can be configured as a GPIO Port pin. When using an external voltage refer-
ence or the on-chip reference, the VREF pin should be configured as analog pin and skipped by the Digital
Crossbar. To configure the VREF pin for analog mode, set the corresponding bit in the PNMDIN register to
‘0’. To configure the Crossbar to skip the VREF pin, set the corresponding bit in register PnSKIP to ‘1'.
Refer to Section “15. Port Input/Output” on page 142 for complete Port I/O configuration details.

The temperature sensor connects to the ADCO positive input multiplexer (see Section “5.1. Analog Multi-
plexer” on page 42 for details). The TEMPE bit in register REFOCN enables/disables the temperature
sensor. While disabled, the temperature sensor defaults to a high impedance state and any ADCO mea-
surements performed on the sensor result in meaningless data.

| REFOCN
|
|
]
| e A
w i35 [
} x|~ |0
| ADOEN
|
I EN . To ADC,
| ADC Bias Internal Oscillator
| IOSCEN
|
|
— = — I
| DD | External \
\ | Voltage | EN
| ‘ Reference ! Temp Sensor — To Analog Mux
R1 Circuit | NS
| | VREF )
\ ‘ o
|
| i | | _ VREF
} L | > (to ADC)
L GND_ | ‘
I VDD — 1
| CLKMUL
} Enable
| .
EN| Reference To Clock Multiplier
! . » 1
| TEMPE Bias Temp Sensor
} REFBE
|
|
| EN

Internal <
Reference

Figure 6.1. Voltage Reference Functional Block Diagram
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SFR Definition 6.1. REFOCN: Reference Control

RIW R/W RIW RIW R/W RIW RIW R/W Reset Value

- | - | - | - | REFSL | TEMPE | BIASE | REFBE |00000000

Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
OxD1

Bits7-3: UNUSED. Read = 00000b; Write = don't care.
Bit3: REFSL: Voltage Reference Select.
This bit selects the source for the internal voltage reference.
0: VREF pin used as voltage reference.
1: Vpp used as voltage reference.
Bit2: TEMPE: Temperature Sensor Enable Bit.
0: Internal Temperature Sensor off.
1: Internal Temperature Sensor on.
Bitl: BIASE: Internal Analog Bias Generator Enable Bit.
0: Internal Bias Generator off.
1: Internal Bias Generator on.
BitO: REFBE: Internal Reference Buffer Enable Bit.
0: Internal Reference Buffer disabled.
1: Internal Reference Buffer enabled. Internal voltage reference driven on the VREF pin.

Table 6.1. 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 2.38 | 244 | 2.50 \%
VREF Short-Circuit Current 10 mA
l/iFeer]EtF Temperature Coeffi- 15 opM/°C
Load Regulation Load = 0 to 200 pA to GND 15 ppm/uA
VREE Turn-on Time 1 glyzggstantalum, 0.1 pF ceramic 5 ms
VREF Turn-on Time 2 0.1 yF ceramic bypass 20 us
VREF Turn-on Time 3 no bypass cap 10 us
Power Supply Rejection 140 ppm/V
External Reference (REFBE = 0)
Input Voltage Range 0 Vpp Y,
Input Current Sample Rate = 200 ksps; VREF = 12 UA
30V
Bias Generators
ADC Bias Generator BIASE =1’ 100 A
Reference Bias Generator 40 A
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7. Comparators

C8051F34x devices include two on-chip programmable voltage Comparators. A block diagram of the com-
parators is shown in Figure 7.1, where “n” is the comparator number (0 or 1). The two Comparators oper-
ate identically with the following exceptions: (1) Their input selections differ, and (2) Comparator0 can be
used as a reset source. For input selection details, refer to SFR Definition 7.2 and SFR Definition 7.5.

Each 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 signal is available even when the system
clock is not active. This allows the Comparators to operate and generate an output with the device in
STOP mode. When assigned to a Port pin, the Comparator outputs may be configured as open drain or
push-pull (see Section “15.2. Port I/O Initialization” on page 147). ComparatorO may also be used as a
reset source (see Section “11.5. Comparator0O Reset” on page 103).

The ComparatorQ inputs are selected in the CPTOMX register (SFR Definition 7.2). The CMX0P1-CMX0PO
bits select the Comparator0 positive input; the CMXON1-CMXONO bits select the ComparatorO negative
input. The Comparatorl inputs are selected in the CPT1MX register (SFR Definition 7.5). The CMX-
1P1-CMX1PO bits select the Comparatorl positive input; the CMX1N1-CMX1NO bits select the Compara-
torl negative input.

Important Note About Comparator Inputs: The Port pins selected as Comparator inputs should be con-
figured as analog inputs in their associated Port configuration register, and configured to be skipped by the
Crossbar (for details on Port configuration, see Section “15.3. General Purpose Port I1/0” on page 150).
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O

CPnMD1
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Figure 7.1. Comparator Functional Block Diagram

Comparator outputs can be polled in software, used as an interrupt source, and/or routed to a Port pin.
When routed to a Port pin, Comparator outputs are available asynchronous or synchronous to the system
clock; the asynchronous output is available even in STOP mode (with no system clock active). When dis-
abled, the Comparator output (if assigned to a Port I/O pin via the Crossbar) defaults to the logic low state,
and supply current falls to less than 100 nA. See Section “15.1. Priority Crossbar Decoder” on
page 144 for details on configuring Comparator outputs via the digital Crossbar. Comparator inputs can be
externally driven from —0.25 V to (Vpp) + 0.25 V without damage or upset. The complete Comparator elec-

trical specifications are given in Table 7.1.

Comparator response time may be configured in software via the CPTnMD registers (see SFR Definition
7.3 and SFR Definition 7.6). Selecting a longer response time reduces the Comparator supply current. See
Table 7.1 for complete timing and supply current specifications.
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CPO+
VIN+ ——— +

cPO CPO ouT
VIN- —————{ _

CIRCUIT CONFIGURATION

Positive Hysteresis Voltage A
(Programmed with CPOHYP Bits)

VIN- y

INPUTS Negative Hysteresis Voltage
Y (Programmed by CPOHYN Bits)
VIN+
VOH —

OUTPUT

o N N

Negative Hysteresis —! L Maximum
Disabled Negative Hysteresis
Positive Hysteresis — L— Maximum
Disabled Positive Hysteresis

Figure 7.2. Comparator Hysteresis Plot

Comparator hysteresis is programmed using Bits3-0 in the Comparator Control Register CPTnCN (shown
in SFR Definition 7.1 and SFR Definition 7.4). The amount of negative hysteresis voltage is determined by
the settings of the CPnHYN bits. As shown in Figure 7.2, various levels of negative hysteresis can be
programmed, or negative hysteresis can be disabled. In a similar way, the amount of positive hysteresis is
determined by the setting the CPnHYP bits.

Comparator interrupts can be generated on both rising-edge and falling-edge output transitions. (For Inter-
rupt enable and priority control, see Section “9.3. Interrupt Handler” on page 88.) The CPnFIF flag is set
to ‘1’ upon a Comparator falling-edge, and the CPnRIF flag is set to ‘1’ upon the Comparator rising-edge.
Once set, these bits remain set until cleared by software. The output state of the Comparator can be
obtained at any time by reading the CPnOUT bit. The Comparator is enabled by setting the CPnEN bit to
‘1’, and is disabled by clearing this bit to ‘0’.
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SFR Definition 7.1. CPTOCN: ComparatorO Control

R/IW R R/W R/IW R/IW R/W R/IW R/IW Reset Value
CPOEN | CPOOUT | CPORIF | CPOFIF |CPOHYP1|CPOHYPO|CPOHYN1|CPOHYNO| 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x9B
Bit7: CPOEN: ComparatorO Enable Bit.

0: ComparatorQ Disabled.
1: ComparatorO Enabled.
Bit6: CPOOUT: ComparatorQ Output State Flag.
0: Voltage on CPO+ < CPO-.
1: Voltage on CP0O+ > CPO-.
Bit5: CPORIF: Comparator0 Rising-Edge Flag.
0: No ComparatorO Rising Edge has occurred since this flag was last cleared.
1: ComparatorO Rising Edge has occurred.
Bit4: CPOFIF: Comparator0O Falling-Edge Flag.
0: No ComparatorO Falling-Edge has occurred since this flag was last cleared.
1: Comparator0O Falling-Edge Interrupt has occurred.
Bits3-2: CPOHYP1-0: ComparatorQ Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.
Bits1—-0: CPOHYN1-0: 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. CPTOMX: ComparatorO MUX Selection

R/IW R/IW RIW R/IW R/IW R/W R/IW R/IW Reset Value
- | CMXON2 | CMXONL [ CMXONO | - | CMXOP2 | CMXOP1 | CMXOPO | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
Ox9F
Bit7: UNUSED. Read = Ob, Write = don't care.

Bits6—4: CMXON2-CMXONO: Comparator0 Negative Input MUX Select.
These bits select which Port pin is used as the Comparator0O negative input.

CMXON1 | CMXON1 | CMXONO Negative Input Negative Input
(32-pin Package) (48-pin Package)
0 0 0 P1.1 P2.1
0 0 1 P15 P2.6
0 1 0 pP2.1 P3.5
0 1 1 P2.5 P4.4
1 0 0 PO.1 P0.4
Bit3: UNUSED. Read = 0b, Write = don't care.

Bits2—-0: CMX0P2-CMXO0POQ: ComparatorQ Positive Input MUX Select.
These bits select which Port pin is used as the ComparatorO positive input.

CMXO0P1 | CMXO0OP1 | CMXOPO Positive Input Positive Input
(32-pin Package) (48-pin Package)
0 0 0 P1.0 P2.0
0 0 1 P14 P2.5
0 1 0 P2.0 P3.4
0 1 1 pP2.4 P4.3
1 0 0 PO.0 P0.3

Note that the port pins used by the comparator depend on the package type (32-pin or 48-pin).
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SFR Definition 7.3. CPTOMD: Comparator0O Mode Selection

R/IW R/IW R/W R/IW R/IW R/W R/IW R/IW Reset Value
- | - |cPorE|cCPOFIE| - | - |CPOMDI|CPOMDO | 00000010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

0x9D

Bits7-6: UNUSED. Read = 00b. Write = don't care.

Bit5: CPORIE: ComparatorO Rising-Edge Interrupt Enable.
0: Comparator0 rising-edge interrupt disabled.
1: ComparatorO rising-edge interrupt enabled.

Bit4: CPOFIE: Comparator0 Falling-Edge Interrupt Enable.
0: Comparator0 falling-edge interrupt disabled.
1: ComparatorO falling-edge interrupt enabled.

Bits3-2: UNUSED. Read = 00b. Write = don't care.

Bits1-0: CPOMD1-CPOMDOQ: ComparatorO Mode Select
These bits select the response time for ComparatorO.

Mode | CPOMD1 | CPOMDO | CPO Response Time*
0 0 0 Fastest Response
1 0 1
2 1 0
3 1 1 Lowest Power

* See Table 7.1 for response time parameters.
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SFR Definition 7.4. CPT1CN: Comparatorl Control

R/IW R R/W R/IW R/IW R/W RIW R/IW Reset Value
CP1EN | CP1OUT | CP1RIF | CP1FIF |CP1HYP1|CP1HYPO|CP1HYN1|CP1HYNO| 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0x9A
Bit7: CP1EN: Comparatorl Enable Bit.

0: Comparatorl Disabled.
1: Comparatorl Enabled.
Bit6: CP1OUT: Comparatorl Output State Flag.
0: Voltage on CP1+ < CP1-.
1: Voltage on CP1+ > CP1-.
Bit5: CP1RIF: Comparatorl Rising-Edge Flag.
0: No Comparatorl Rising Edge has occurred since this flag was last cleared.
1: Comparatorl Rising Edge has occurred.
Bit4: CP1FIF: Comparatorl Falling-Edge Flag.
0: No Comparatorl Falling-Edge has occurred since this flag was last cleared.
1: Comparatorl Falling-Edge has occurred.
Bits3-2: CP1HYP1-0: Comparatorl Positive Hysteresis Control Bits.
00: Positive Hysteresis Disabled.
01: Positive Hysteresis =5 mV.
10: Positive Hysteresis = 10 mV.
11: Positive Hysteresis = 20 mV.
Bits1-0: CP1HYN1-0: Comparatorl Negative Hysteresis Control Bits.
00: Negative Hysteresis Disabled.
01: Negative Hysteresis =5 mV.
10: Negative Hysteresis = 10 mV.
11: Negative Hysteresis = 20 mV.

Rev. 1.5 65

SILICON LABS



C8051F340/1/2/3/4/516/7/8/9/A/BIC/D

SFR Definition 7.5. CPT1MX: Comparatorl MUX Selection

R/IW R/IW R/W R/IW R/IW R/W R/IW R/IW Reset Value
- |CMXIN2 [CMXINL1|[CMXINO| - | CMX1P2 | CMX1P1 | CMX1P0 | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
O0x9E
Bit7: UNUSED. Read = Ob, Write = don't care.

Bits6—4: CMX1N2-CMX1NO: Comparatorl Negative Input MUX Select.
These bits select which Port pin is used as the Comparatorl negative input.

CMX1IN2 | CMX1N1|CMX1INO| Negative Input Negative Input
(32-pin Package) | (48-pin Package)
0 0 0 P1.3 P2.3
0 0 1 P1.7 P3.1
0 1 0 P2.3 P4.0
0 1 1 pP2.7 P4.6
1 0 0 P0O.5 P1.2
Bit3: UNUSED. Read = 0Ob, Write = don’t care.

Bits2—0: CMX1P1-CMX1PO0: Comparatorl Positive Input MUX Select.
These bits select which Port pin is used as the Comparatorl positive input.

CMX1P2 | CMX1P1 | CMX1PO Positive Input Positive Input
(32-pin Package) (48-pin Package)
0 0 0 P1.2 p2.2
0 0 1 P1.6 P3.0
0 1 0 pP2.2 P3.7
0 1 1 P2.6 P4.5
1 0 0 P0.4 P1.1

Note that the port pins used by the comparator depend on the package type (32-pin or 48-pin).
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SFR Definition 7.6. CPT1MD: Comparatorl Mode Selection

R/IW R/IW R/W R/IW R/IW R/W R/IW R/IW Reset Value
- | - |cPRE|cCPIFE| - | - |CP1MD1|CP1MDO | 00000010
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:

0x9C

Bits7—6: UNUSED. Read = 00b, Write = don't care.

Bit5: CP1RIE: Comparatorl Rising-Edge Interrupt Enable.
0: Comparatorl rising-edge interrupt disabled.
1: Comparatorl rising-edge interrupt enabled.

Bit4: CP1FIE: Comparatorl Falling-Edge Interrupt Enable.
0: Comparatorl falling-edge interrupt disabled.
1: Comparatorl falling-edge interrupt enabled.

Bits1-0: CP1MD1-CP1MDO: Comparatorl Mode Select.
These bits select the response time for Comparatorl.

Mode | CP1MD1 | CP1IMDO | CP1 Response Time*
0 0 0 Fastest Response
1 0 1
2 1 0
3 1 1 Lowest Power

* See Table 7.1 for response time parameters.
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Table 7.1. Comparator Electrical Characteristics

Vpp = 3.0V, 40 to +85 °C unless otherwise noted.
All specifications apply to both Comparator0 and Comparatorl unless otherwise noted.

Parameter Conditions Min Typ Max Units
Response Time: CPO+ — CP0O- =100 mV 100 ns
Mode 0, Vem* = 1.5V CPO+ — CPO- = -100 mV 250 ns
Response Time: CPO+ - CP0O- =100 mV 175 ns
Mode 1, Vem* = 1.5V CPO+ — CPO- = -100 mV 500 ns
Response Time: CPO+ — CP0O- =100 mV 320 ns
Mode 2, Vem* = 1.5V CPO+ — CPO— = -100 mV 1100 ns
Response Time: CPO+ — CP0O- =100 mV 1050 ns
Mode 3, Vem* =15V CPO+ — CP0O- = -100 mV 5200 ns
(Fig[inomon—Mode Rejection 15 4 MV
Positive Hysteresis 1 CPOHYP1-0 =00 0 1 mV
Positive Hysteresis 2 CPOHYP1-0=01 5 10 mV
Positive Hysteresis 3 CPOHYP1-0=10 10 20 mV
Positive Hysteresis 4 CPOHYP1-0=11 15 20 30 mvV
Negative Hysteresis 1 CPOHYN1-0=00 0 1 mV
Negative Hysteresis 2 CPOHYN1-0=01 5 10 mV
Negative Hysteresis 3 CPOHYN1-0 =10 10 20 mV
Negative Hysteresis 4 CPOHYN1-0=11 15 20 30 mV
Input Voliage Range 025 Vop +025 | v
Input Capacitance 3 pF
Input Bias Current 0.001 nA
Input Offset Voltage -5 +5 mV

Power Suppl
Power Supply Rejection 0.1 mvV/V
Power-up Time 10 [VES
Mode 0 7.6 HA
Mode 1 3.2 MA
Supply Current at DC
Mode 2 1.3 HA
Mode 3 0.4 HA

*Note: Vcm is the common-mode voltage on CPO+ and CPO-.
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8. Voltage Regulator (REGO)

C8051F34x devices include a voltage regulator (REG0). When enabled, the REGO output appears on the
Vpp pin and can be used to power external devices. REGO can be enabled/disabled by software using bit

REGEN in register REGOCN. See Table 8.1 for REGO electrical characteristics.

Note that the VBUS signhal must be connected to the VBUS pin when using the device in a USB network.
The VBUS signal should only be connected to the REGIN pin when operating the device as a bus-powered
function. REGO configuration options are shown in Figure 8.1-Figure 8.4.

8.1. Regulator Mode Selection

REGO offers a low power mode intended for use when the device is in suspend mode. In this low power
mode, the REGO output remains as specified; however the REGO dynamic performance (response time) is
degraded. See Table 8.1 for normal and low power mode supply current specifications. The REGO mode
selection is controlled via the REGMOD bit in register REGOCN.

8.2. VBUS Detection

When the USB Function Controller is used (see section Section “16. Universal Serial Bus Controller
(USBO0)” on page 159), the VBUS signal should be connected to the VBUS pin. The VBSTAT bit (register
REGOCN) indicates the current logic level of the VBUS signal. If enabled, a VBUS interrupt will be gener-
ated when the VBUS signal matches the polarity selected by the VBPOL bit in register REGOCN. The
VBUS interrupt is level-sensitive, and has no associated interrupt pending flag. The VBUS interrupt will be
active as long as the VBUS signal matches the polarity selected by VBPOL. See Table 8.1 for VBUS input
parameters.

Important Note: When USB is selected as a reset source, a system reset will be generated when the
VBUS signal matches the polarity selected by the VBPOL bit. See Section “11. Reset Sources” on
page 100 for details on selecting USB as a reset source

Table 8.1. Voltage Regulator Electrical Specifications

—40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Input Voltage Range1 2.7 5.25 \%
Output Voltage (VDD)2 Output Current = 1 to 100 mA 3.0 3.3 3.6 \%
Output Current? 100 mA
VBUS Detection Input Low Voltage 1.0 \%
VBUS Detection Input High Voltage 3.0 \%
Bias Current Normal Mode (REGMOD = ‘0’) 65 111 A
Low Power Mode (REGMOD =‘1") 35 61 H

Dropout Voltage (Vpo)® 1 mV/mA
Notes:

1. Input range specified for regulation. When an external regulator is used, should be tied to Vpp.

2. Output current is total regulator output, including any current required by the C8051F34x.

3. The minimum input voltage is 2.70 V or VDD + Vpg (max load), whichever is greater.
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SFR Definition 8.1. REGOCN: Voltage Regulator Control

R/IW R R/W R/IW R/W R/W R/IW R/IW Reset Value
REGDIS | VBSTAT | VBPOL |REGMOD| Reserved | Reserved | Reserved | Reserved | 00000000
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 SFR Address:
0xC9
Bit7: REGDIS: Voltage Regulator Disable.

0: Voltage Regulator Enabled.
1: Voltage Regulator Disabled.
Bit6: VBSTAT: VBUS Signal Status.
0: VBUS signal currently absent (device not attached to USB network).
1: VBUS signal currently present (device attached to USB network).
Bit5: VBPOL: VBUS Interrupt Polarity Select.
This bit selects the VBUS interrupt polarity.
0: VBUS interrupt active when VBUS is low.
1: VBUS interrupt active when VBUS is high.
Bit4: REGMOD: Voltage Regulator Mode Select.
This bit selects the Voltage Regulator mode. When REGMOD is set to ‘1’, the voltage regu-
lator operates in low power (suspend) mode.
0: USBO Voltage Regulator in normal mode.
1: USBO Voltage Regulator in low power mode.
Bits3—0: Reserved. Read = 0000b. Must Write = 0000b.
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9. 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. Included are
four 16-bit counter/timers (see description in Section 21), an enhanced full-duplex UART (see description
in Section 18), an Enhanced SPI (see description in Section 20), 256 bytes of internal RAM, 128 byte
Special Function Register (SFR) address space (Section 9.2.6), and 25 Port I/O (see description in Sec-
tion 15). The CIP-51 also includes on-chip debug hardware (see description in Section 23), and interfaces
directly with the analog and digital subsystems providing a complete data acquisition or control-system
solution in a single integrated 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 9.1 for a block diagram).
The CIP-51 includes the following features:

- Fully Compatible with MCS-51 Instruction

Extended Interrupt Handler

Set - Reset Input
- 0to 48 MHz Clock Frequency - Power Management Modes
- 256 Bytes of Internal RAM - On-chip Debug Logic
- 25 Port /O - Program and Data Memory Security
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