SILICON LABS

C8051F70x/71x

Mixed Signal ISP Flash MCU Family

Capacitance to Digital Converter

- Supports buttons, sliders, wheels, capacitive prox-
imity, and touch screen sensing

- Upto 38 input channels

- Fast 40 ps per channel conversion time

- 12,13, 14, or 16-bit output

- Auto-scan and wake-on-touch

- Auto-accumulate 4, 8, 16, 32, or 64 samples

10-Bit Analog to Digital Converter

- Upto 500 ksps

- Up to 16 external single-ended inputs

- VREF from on-chip VREF, external pin or Vpp

- Internal or external start of conversion source

- Built-in temperature sensor

Analog Comparator

- Programmable hysteresis and response time

- Configurable as interrupt or reset source

On-Chip Debug

- On-chip debug circuitry facilitates full speed, non-
intrusive 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

- Low cost, complete development kit

Supply Voltage 1.8to 3.6 V

- Built-in voltage supply monitor

High-Speed 8051 uC Core

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

- Upto 25 MIPS throughput with 25 MHz clock

- Expanded interrupt handler

Memory

- 512 bytes internal data RAM (256 + 256)

- Upto 16 kB Flash; In-system programmable in 512-
byte Sectors

- Up to 32-byte data EEPROM

Digital Peripherals

- Upto 54 Port I/O with high sink current

- Hardware enhanced UART, SMBus™ (I2C compati-
ble), and enhanced SPI™ serial ports

- Four general purpose 16-hit counter/timers

- 16-Bit programmable counter array (PCA) with 3
capture/compare modules and enhanced PWM
functionality

- Real time clock mode using timer and crystal

Clock Sources

- 24.5 MHz +2% Oscillator Supports crystal-less
UART operation

- 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

64-Pin TQFP, 48-Pin TQFP, 48-Pin QFN,

32-Pin QFN, 24-Pin QFN

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

CB8051F70x/71x devices are fully integrated, system-on-a-chip, capacitive sensing mixed-signal MCUs.
Highlighted features are listed below. Refer to Table 2.1 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)

Capacitive Sense interface with 38 input channels

10-bit 500 ksps single-ended ADC with 16 external channels and integrated temperature sensor
Precision calibrated 24.5 MHz internal oscillator

16 kB of on-chip Flash memory

512 bytes of on-chip RAM

SMBus/IZC, 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

On-chip internal voltage reference

On-chip Watchdog timer

On-chip Power-On Reset and Supply Monitor

On-chip Voltage Comparator

54 general purpose I/O

With on-chip power-on reset, Vpp monitor, watchdog timer, and clock oscillator, the C8051F70x/71x

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 C8051F70x/71x processors include Silicon Laboratories’ 2-Wire C2 Debug and Programming inter-
face, which allows non-intrusive (uses no on-chip resources), full speed, in-circuit debugging using the pro-
duction MCU installed in the final application. This debug logic supports inspection of memory, viewing and
modification of special function registers, setting breakpoints, single stepping, and 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 without occupying package pins.

Each device is specified for 1.8—-3.6 V operation over the industrial temperature range (45 to +85 °C). An
internal LDO is used to supply the processor core voltage at 1.8 V. The Port I/O and RST pins are tolerant
of input signals up to 2 V above the Vpp supply, with the exception of P0.3. See Table 2.1 for ordering

information. Block diagrams of the devices in the C8051F70x/71x family are shown in Figure 1.1.
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CIP-51 8051 —>| Port I/O Configuration |—|
< 0.0/ VREF
Controller Core > 0.1/ AGND
Digital Peripherals Port 0 [¢ el
UART |<_> Drivers [€ 0.4
Power On B o°
Reset 15 kB Flash Memory | e Timers 0, || v—€ 0.7
| 1,2,3 « 1.0
Reset — 1.1
256 Byte RAM | - o < .
L | ve ™ | Timer 3/ ley|  Priority » Portl i%
C2cK/RSTX Debug / RTC Crossbar Drivers [¢ 14
Programming 256 Byte XRAM Decoder < ig
2D Hardware u PCA L — 17
32 Bytes EEPROM L '
vies SPl Port 2 =0
Peripheral Power WDT Drivers | > P2.7
_eripnera; Tower, v
SER SMBus |<—> ot 3 P30
,—O_I_ T ) Crossbar Control N
VDD X N Regulator SYSCLK BUS | | Drivers | > P3.7
|_ Core Power Ext M v Pa0
— | ,| EX elrnaf emory porta -
GND [X] Precision nterface Drivers | o pa7
< Internal I P6 v
< pasp3 | Ports
XTAL1 External —> |Drivers|, »X] P5.7
XTAL2 Circuit Port 6 [ 60
Drivers |, 65
System Clock ~ -
Configuration Analog Peripherals
Capacitive
B Sense h : |4
Comparator:
VD o o« [VREF] (‘F700 Only)
VDD
Figure 1.1. C8051F700/1 Block Diagram
®
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CIP-51 8051 —>| Port 1/0O Configuration |—| 5
Controller Core e 0.2/ AGND
Digital Peripherals Port 0 [< eyt
UART |<_> Drivers [¢ 0.4
Power On b o°
Reset Timers 0, < 0.7
16 kB Flash Memory “ 123 [ T — 10
| Reset - | | D 11
> - o < 2
L | 256 Byte RAM | ™| | Timer 3/ le,|  Priority » Portl 15
c2cK/RSTIX o Debug / RTC Crossbar Drivers € L4
rogramming | 256 Byte XRAM | Decoder ¢ '
c2bX—1  Hardware ve 1 PCA L - .
SPI Port 2 [* =0
Peripheral Power WDT Drivers < 2.7
_ENETSEl PO v
SER SMBus |<—> —— 2.0
[ Crossbar Control ) ;
VoD [K—L{ Regulator 1 svyscik Bus | | Drivers |, o5 P37
|_ Core Power Ext I'M L4 a0
— | o EX elrna]c emory Port 4 ¥ -
GND [X] Precision nterface Drivers | 07
< Internal > I P6 v
- > L
ot [ [ oma  J— [porsl*
XTAL2 Circuit Port6 [¢ 60
Drivers | 65
System Clock ~ :
Configuration Analog Peripherals
Capacitive
> Sense - :}r
Comparator‘
VP00 o« [VREF]  (F702 Only)
VDD
Figure 1.2. C8051F702/3 Block Diagram
®
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CIP-51 8051 —>| Port 1/0 Configuration |—|
<€ 0.0/ VREF
Controller Core < 0.1/ AGND
Digital Peripherals Port 0 [¢ 03I XTAL2
UART |<—> Drivers [€ 0.4
Power On B oS
Reset 15 kB Flash Memory | |~ Timers 0, S 0.7
1,24 < 1.0
Reset | 256 Byte RAM | ] Port 1 1
———— ™ | Timer3/ |  Priority | Drivers [< 1
ebu
c2ck/RSTX g/ 256 Byte XRAM RTC Crossbar — 0
< Programming Decoder Port 2 [* 010,
C2D Hardware > Drivers |
32 Bytes EEPROM — 2.7
< 3.0
Peripheral Power WDT P(.m 3 | (®10)
> ,W‘i—) Drivers L P37
7 Bus Crossbar Control Port 4 > P4.0
VDD » Regulator SIECTE i 11t (4110)
X 9 Core Power Drivers »X] P4.3
v
Precision Port 5 [¢ Ps.0
GND [X < Internal Drivers I ps 7(8 o
Oscillator v '
N Port 6 [ Pe.0
XTAL1L »| External ) (61/0)
Clock > Drivers | P6.5
XTAL2 »  Circuit .
Analog Peripherals
System Clock
Configuration Capacitive
Sense ’|:
| Comparator
YED o o« [VREF] (‘F704 Only)
VDD
Figure 1.3. C8051F704/5 Block Diagram
®
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- Port I/0 Configuration
CIP-51 8051 = g — . N
Controller Core « 0.1/ AGND
Digital Peripherals Port 0 [< 02X
UART |<—> Drivers [¢ 0.4
Power On 5 o3
Reset 16 kB Flash Memory N Tlin (;rs40, > A 4 f 2';
Reset - LU | Port 1 fe 11
| 256 Byte RAM | ™ | Timer 3/ N Priority J Drivers f ig
c2ck/RsTKX] Debug / RTC Crossbar Y
Programming | 256 Byte XRAM | Decoder Port 2 [¢ P20
c2bX—  Hardware > Drivers @®10)
€ P3.4
Peripheral Power WDT ;?\Zfs ] @10)
——
< P3.7
SER | SMBus |<—> -
7 Crossbar Control Port 4 >X P4.0
VDD »| Regulator SYSCLK Bus orivers | 111 o
Core Power < »X] P4.3
Y
Precision Port 5 [¢ P50
GND Intelrnlal > Drivers [, | e
A4 : < > P5.7
Oscillator v
] Port 6 [¢ Pe.3
XTALL » External Dri @310)
Clock > NVETS ¢ P6.5
XTAL2 > Circuit .
Analog Peripherals
System Clock
Configuration Capacitive
Sense *|:
= Comparator
VDD | 04_ (‘F706 Only)
10-bit VDD
500 ksps
ADC
Figure 1.4. C8051F706/07 Block Diagram
®
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CIP-51 8051 > Port I/O Configuration F——
Controller Core

0.0/ VREF
0.1/ AGND
0.2/ XTAL1
0.3/ XTAL2

Digital Peripherals Port 0 [e

UART Drivers [€ 0.4
Power On b Eg.g
Reset 8 kB Flash Memory e Timers 0, PO.7
1,2,3 g T X P1.0
Reset L | >X P11
256 Byte RAM .
| vie | ™ | Timers/ | | Priority o Port1 B 15
c2ck/RsSTX DEbUg/_ 256 Byie XRAM RTC Crossbar Drivers X P1.4
Programming yte Decoder b P15
c2DX— Hardware u PCA L >X P17
32 Bytes EEPROM ¥ 20
(‘F708/09 Only) SPI Port 2 :
Peripheral Power WDT Drivers ‘ P27
T onipneTal Tower, v
e SFR SMBus Port 3 »X P3.0
7 Crossbar Control :
VDD X > Regulator SYSCLK BUS | | Drivers »IX| P3.7
Core Power Ext I'M v PO
_ L > xterna . emory Port 4 [€ :
oND [ Precision Interface Drivers b pa7
< Internal > P6 v
< P4/P3 0
XTALL —»| External ——> |Drivers >3 P57
Gt | [ owe  }— [poro
XTAL2 > Circuit Port 6 [¢ 6.0
Drivers o5
System Clock M i
Configuration Analog Peripherals
Capacitive
> Sense <
Comparator
VED 1o o« [VREF] (‘F708/10 Only)
VDD
Figure 1.5. C8051F708/09/10/11 Block Diagram
®
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CIP-51 8051 —>| Port 1/O Configuration |—|
Controller Core <
Digital Peripherals Port 0 ¢
UART Drivers [¢
Power On €
Reset 8 kB Flash Memory N TI:Ir_anS 40' [ A 4 D
| Reset - - Port 1 €
L | 256 Byte RAM | ™ | Timer 3/ | Priority | Drivers [
C2cK/RSTX] o Debug / RTC Crossbar Y
rogramming | 256 Byte XRAM | Decoder Port 2 [€
C2DX—  Hardware ™| Drivers
32 Bytes EEPROM SPI ;
(‘F712/13 Only) _SPL_| P ‘r't 3 f¢
Peripheral Power Drci)vers E
————
SFR | SMBus |<—> "
7 Bus Crossbar Control Port 4 [€
VDD J SYSCLK - )
X Regulator Core Power Drivers |,
v
Precision Port 5 [*
GND [ < Internal > Drivers L
Oscillator bl = vrt e
0l
XTALL > External .
Clock R Drivers L
XTAL2 > Circuit .
Analog Peripherals
System Clock
Configuration Capacitive
Sense ‘|<
= Comparator‘
VD, o« [VREF] (F712/14 Only)

Figure 1.6. C8051F712/13/14/15 Block Diagram
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CIP-51 8051 > Port 10 Configuration
Controller Core
LIJDAlggal Peripherals Port0 ¢
Power On |—, __|_> Drl\‘/'ers
Reset e~ Timers 0,
16 kB Flash Memory 1,24 [ Port 2
Reset Drivers |
| 256 Byte RAM | ™1 | Timer 3/ ,| Priority 2
c2ck/RSTX o Debug / RTC Crossbar Port 3
rogramming | 256 Byte XRAM | Decoder Drivers
2D Hardware -
Port 5 [¢
Peripheral Power SFR WDT Drivers |
—
SMBUS || L2
L Bus | | Port 6
X Crossbar Control : <€
Drivers
VDD > Requlat SYSCLK L
X eguiator Core Power
— Analog Peripherals
recision
GND [X] < Internal > Capacitive
Oscillator e Sense e
XTAL1 »| External Comparator
Clock >
XTAL2 » Circuit 2250 oe[VREF]
™! | [0t VDD
System Clock 500 ksps
Configuration ADC
Figure 1.7. C8051F716 Block Diagram
®
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C8051F70x/71x

CIP-51 8051 —>| Port I/0 Configuration l—
Controller Core !
Digital Peripherals Port 0
UART ]| i Fo4
Power On _r Drl\:ers P05
Reset 16 kB Flash Memory < T|£ne2rs40, > Port 2 [ P20
Reset v >| Drivers (8110)
< p2.7
| 256 Byte RAM | ™1 | Timer 3/ ey Priority k2
C2ck/RSTIX o Debug / RTC Crossbar Port 4 [¢ PA'?BVO)
rogramming | 256 Byte XRAM | i
c2p— Hardware Decoder Dn\:ers L Pa7
Port 6 P6.4
Peripheral Power SFR WDT Drivers P6.5
——
BUS | SMBus |<—> |
Crossbar Control
VDD » Regulat SYSCLK
eguiator Core Power
_ Analog Peripherals
GND Precision
< Internal Capacitive
Oscillator L Sense e
XTALL »| External Comparator
Clock
XTAL2 > Circuit
System Clock
Configuration
Figure 1.8. C8051F717 Block Diagram
®
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2. Ordering Information

All C8051F70x/71x devices have the following features:

25 MIPS (Peak)
Calibrated Internal Oscillator

SMBus/I>C

UART

Programmable counter array (3 channels)
4 Timers (16-hbit)

1 Comparator

Pb-Free (RoHS compliant) package

512 bytes RAM

In addition to the features listed above, each device in the C8051F70x/71x family has a set of features that
vary across the product line. See Table 2.1 for a complete list of the unique feature sets for each device in
the family.
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Table 2.1. Product Selection Guide

()] > -

n o o g

« > 2 = % @ 0 2 }"35 o

o _ 0 =0 > O~ |® g o O | o o o>

= 8=| Q€ |cS | |8 |=2 S282| ¢

tE  |3EZ| 28 |25@|y5(28(%28Q|88 || ¢

g2 ac| 86 |lt=sx|w2|dE|883<|<6|fH| &
CB8051F700-GQ | 54 38 5 32 Y Y 6 | Y | TQFP-62
C8051F701-GQ | 54 38 15 32 Y N — | — | ToFpea
C8051F702-GQ | 54 38 16 — Y Y 16 | Y | TQFP-64
C8051F703-GQ | 54 38 16 — Y N — | = [ToFP64
C8051F704-GQ | 39 27 15 32 N Y 12 | Y | TQFP-48
C8051F704-GM | 39 27 15 32 N Y 12 | Y | QFN-48
C8051F705-GQ | 39 27 15 32 N N — | = | ToFp48
C8051F705-GM | 39 27 15 32 N N — | — [ QFN4B
C8051F706-GQ | 39 27 16 — N Y 12 | Y | TQFP-48
C8051F706-GM | 39 27 16 — N Y 12 | Y | QFN-48
C8051F707-GQ | 39 27 16 — N N — | = | ToFp48
C8051F707-GM | 39 27 16 — N N — | = [ oFN48
C8051F708-GQ | 54 38 8 32 Y Y 16 | Y | TQFP-64
C8051F709-GQ | 54 38 8 32 Y N — | — | ToFpea
C8051F710-GQ | 54 38 8 — Y Y 16 | Y | TQFP-64
C8051F711-GQ | 54 38 8 — Y N — | = [ToFP64
C8051F712-GQ | 39 27 8 32 N Y 12 | Y | TQFP-28
C8051F712-GM| 39 27 8 32 N Y 12 | Y | QFN-48
C8051F713-GQ | 39 27 8 32 N N — | = [ToFpP-48
CB051F713-GM| 39 27 8 32 N N — | = [ oFN48
C8051F714-GQ | 39 27 8 — N Y 12 | Y | TQFP-48
CB051F714-GM | 39 27 8 — N Y 12 | Y | QFN-48
C8051F715-GQ | 39 27 8 — N N — | = | ToFp48
CB051F715-GM | 39 27 8 — N N — | = [ oFN48
C8051F716-GM| 29 26 16 — N Y 3 Y | QFN-32
CB051F717-GM| 20 18 16 — N N — | = [ oFN24

Lead finish material on all devices is 100% matte tin (Sn).
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C8051F70x/71x

3. Pin Definitions

Table 3.1. Pin Definitions for the C8051F70x/71x

Name | TQFP64 | TQFP48 | QFN32 | QFN24 | Type Description
QFN48
Vpp 8,24, |8,20,44 27 21 Power Supply Voltage.
41,57
GND 9, 25, 9,21, | Center 20 Ground.
40,56 | 30, 43
RST/ 58 45 28 22 D I/0 | Device Reset. Open-drain output of internal

POR or Vpp monitor.

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

ca2D 59 46 29 23 D I/O |Bi-directional data signal for the C2 Debug
Interface.

PO0.0/ 55 42 — — D 1/0 or | Port 0.0.

Aln |ADCO Input.

VREF A In |External VREF input.

PO.1/ 54 41 — — D I/O or |Port 0.1.
Aln |ADCO Input.

AGND External AGND input.

P0.2 / 53 40 — — D I/O or|Port 0.2.
Aln |ADCO Input.

XTAL1 A In | External Clock Pin. This pin can be used for
crystal clock mode.

P0.3/ 52 39 26 — D I/O or | Port 0.3.
Aln |ADCO Input.

XTAL2 A I/O or | External Clock Pin. This pin can be used for
DIn |RC, crystal, and CMOS clock modes.

P0.4 51 38 25 19 D I/O or | Port 0.4.
Aln |ADCO Input.

P0.5 50 37 24 18 D I/O or | Port 0.5.
Aln |ADCO Input.

P0.6 49 36 — — D 1/O or | Port 0.6.
Aln |ADCO Input.
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Table 3.1. Pin Definitions for the C8051F70x/71x (Continued)

Name | TQFP64 | TQFP48 | QFN32 | QFN24 | Type Description
QFN48

P0.7 48 35 — — D I/O or |Port 0.7.

Aln |ADCO Input.
P1.0 47 34 — — D I/O or | Port 1.0.

Aln |ADCO Input.
P11 46 33 — — D I/O or |Port 1.1.

Aln |ADCO Input.
P1.2 45 32 — — D I/O or | Port 1.2.

AlIn |ADCO Input.
P1.3 44 31 — — D I/O or | Port 1.3.

Aln |ADCO Input.
P14 43 — — — D I/O or | Port 1.4.

Aln |ADCO Input.
P15 42 — — — D I/O or | Port 1.5.

AIn |ADCO Input.
P1.6 39 — — — D I/O or | Port 1.6.

Aln |ADCO Input.
P1.7 38 — — — D I/O or |Port 1.7.

AIn |ADCO Input.
P2.0 37 29 23 17 D I/O or | Port 2.0.

Aln |CSO input pin 1.
pP2.1 36 28 22 16 D I/O or |Port 2.1.

Aln | CSO input pin 2.
P2.2 35 27 21 15 D I/O or | Port 2.2.

Aln |CSO input pin 3.
pP2.3 34 26 20 14 D I/O or | Port 2.3.

Aln | CSO input pin 4.
P2.4 33 25 19 13 D I/O or | Port 2.4.

Aln |CSO input pin 5.
P2.5 32 24 18 12 D I/O or | Port 2.5.

Aln |CSO input pin 6.
P2.6 31 23 17 11 D I/O or | Port 2.6.

Aln |CSO input pin 7.
pP2.7 30 22 16 10 D I/O or | Port 2.7.

Aln |CSO input pin 8.
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Table 3.1. Pin Definitions for the C8051F70x/71x (Continued)

Name | TQFP64 | TQFP48 | QFN32 | QFN24 | Type Description
QFN48

P3.0 29 — 15 — D I/O or | Port 3.0.

Aln |CSO input pin 9.
P3.1 28 — 14 — D I/O or | Port 3.1.

Aln |CSO input pin 10.
P3.2 27 — 13 — D I/O or | Port 3.2.

Aln |CSO input pin 11.
P3.3 26 — 12 — D I/O or | Port 3.3.

Aln |CSO input pin 12.
P3.4 23 19 11 — D I/O or | Port 3.4.

Aln |CSO input pin 13.
P3.5 22 18 10 — D I/O or | Port 3.5.

Aln |CSO input pin 14.
P3.6 21 17 9 — D I/O or | Port 3.6.

Aln |CSO input pin 15.
P3.7 20 16 — — D I/O or | Port 3.7.

Aln |CSO input pin 16.
P4.0 19 15 — 9 D I/O or | Port 4.0.

Aln |CSO input pin 17.
P4.1 18 14 — 8 D I/O or |Port 4.1.

Aln |CSO input pin 18.
P4.2 17 13 — 7 D I/O or | Port 4.2.

Aln |CSO input pin 19.
P4.3 16 12 — 6 D I/O or | Port 4.3.

Aln |CSO input pin 20.
P4.4 15 — — 5 D I/O or | Port 4.4.

Aln |CSO input pin 21.
P4.5 14 — — 4 D I/O or | Port 4.5.

Aln |CSO input pin 22.
P4.6 13 — — 3 D I/O or | Port 4.6.

Aln |CSO input pin 23.
P4.7 12 — — 2 D I/O or |Port 4.7.

Aln |CSO input pin 24.
P5.0 11 11 8 - D I/O or | Port 5.0.

Aln |CSO input pin 25.
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Table 3.1. Pin Definitions for the C8051F70x/71x (Continued)

Name | TQFP64 | TQFP48 | QFN32 | QFN24 | Type Description
QFN48
P5.1 10 10 7 — D I/O or | Port 5.0.
Aln |CSO input pin 26.
P5.2 7 7 6 — D I/O or | Port 5.2.
Aln |CSO input pin 27
P5.3 6 6 5 — D I/0 or | Port 5.3.
Aln |CSO input pin 28.
P5.4 5 5 4 — D I/O or | Port 5.4.
Aln | CSO input pin 29.
P5.5 4 4 3 — D I/O or | Port 5.5.
Aln |CSO input pin 30.
P5.6 3 3 2 — D I/O or | Port 5.6.
Aln |CSO input pin 31.
P5.7 2 2 1 — D I/O or |Port 5.7.
Aln |CSO input pin 32.
P6.0 1 — — — D I/O |Port6.0.
CSO0 input pin 33.
P6.1 64 — — — DI1/O |Port6.1.
CSO0 input pin 34.
P6.2 63 — — — D1/O |Port6.2.
CSO0 input pin 35.
P6.3 62 1 32 — D1/O |Port6.3.
CSO0 input pin 36.
P6.4 61 48 31 1 DI/O |Port6.4.
CSO0 input pin 37.
P6.5 60 47 30 24 D1/O |Port6.5.
CSO0 input pin 38.
31 Rev. 1.0 )
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[ 58 ] RST/C2CK

[ 64 ] P6.1
[63 ] P6.2
[62 ] P6.3
[61 ] P6.4
[ 60 ] P6.5
[59] c2D
[57 ] vDD
[ 56 ] GND
[ 55 ] P0.0
[54 ] PO.1
[ 53] P0.2
[52] P0O.3
[51] P0.4
[50 ] P0.5
[49] PO.6

P6.0 [ 1 | O 48] PO.7
P5.7 [ 2 | 47 ] P1.0
P5.6 [ 3 | [46] P1.1
P55 [ 4 | [45] P1.2
P5.4 [ 5 | [447] P13
P5.3 [ 6 | (43 ] P14
P5.2 [ 7 | [427] P15

oL c8051F700/01/02/03/08/09/10/11 =™

GND [ 9 | 40 ] GND
P5.1 [10 | [39] P16
P5.0 [11 | 38 ] P17
P47 [12 37 ] P20
P4.6 [13] 36 ] P2.1
P45 [14 | [35] P2.2
P4.4 [15 [34] P23
P4.3 [ 16 | 33 ] P24

P4.2 [17]
P4.1 [18]
P4.0 [19 ]
P3.7 [20]
P3.6 [21]
P3.5 [22]
P3.4 [23]
VDD [ 24 ]
GND [ 25|
P3.3 [26]
P3.2 [27]
P3.1 [28]
P3.0 [29]
P2.7 [30]
P2.6 [31]
P2.5 [32]

Figure 3.1. C8051F7xx-GQ TQFP64 Pinout Diagram (Top View)
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P6.3 | 1
P5.7 [ 2

45 | RST/C2CK

48 | P6.4
47 | P6.5
46 | C2D
44 | VDD

[43 ] GND
42 ] PO.O
(4] PO
(40 ] PO.2
(39 ] PO.3
[ 38 | P0.4
37 | PO5

P5.6 [ 3]
P5.5 [[4 ]
P5.4 [5 |
P5.3 [[6 |
P5.2 [7 ]
VDD [ 8]
GND [ 9 |
P5.1 [[10 |
P5.0 [[1t |
P4.3 [12 |

-

C8051F704/05/06/07/
12/13/14/15

/

P4.2 [ |
P4.1 [ |
P4.0 [
P3.7 [

I:I
—
©
™
o

Figure 3.2. C8051F7xx-GQ
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FP48 Pinout Diagram (Top View)
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RST/C2CK
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Figure 3.3. C8051F7xx-GM
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Figure 3.5. C8051F717-GM QFN24 Pinout Diagram (Top View)
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4. TQFP-64 Package Specifications
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SECTION A-A SECTION B-B
Figure 4.1. TQFP-64 Package Drawing

Table 4.1. TQFP-64 Package Dimensions

Dimension Min Nom Max Dimension Min Nom Max
A — — 1.20 E 12.00 BSC.
Al 0.05 — 0.15 El 10.00 BSC.
A2 0.95 1.00 1.05 L 0.45 0.60 0.75
b 0.17 0.22 0.27 aaa — — 0.20
c 0.09 — 0.20 bbb — — 0.20
D 12.00 BSC. ccc — — 0.08
D1 10.00 BSC. ddd — — 0.08
e 0.50 BSC. © 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 package outline conforms to JEDEC MS-026, variant ACD.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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Figure 4.2. TQFP-64 PCB Land Pattern

Table 4.2. TQFP-64 PCB Land Pattern Dimensions

Dimension Min Max
C1 11.30 11.40
Cc2 11.30 11.40
E 0.50 BSC
X 0.20 0.30
Y 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 perimeter pins.

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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5. TQFP-48 Package Specifications
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Figure 5.1. TQFP-48 Package Drawing
Table 5.1. TQFP-48 Package Dimensions
Dimension Min Nom Max Dimension Min Nom Max
A — — 1.20 E 9.00 BSC.
Al 0.05 — 0.15 El 7.00 BSC.
A2 0.95 1.00 1.05 L 0.45 0.60 0.75
b 0.17 0.22 0.27 aaa 0.20
c 0.09 — 0.20 bbb 0.20
D 9.00 BSC. ccc 0.08
D1 7.00 BSC. ddd 0.08
e 0.50 BSC. O] 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 ABC.
4. Recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body
Components.
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Figure 5.2. TQFP-48 PCB Land Pattern

Table 5.2. TQFP-48 PCB Land Pattern Dimensions

Dimension Min Max
C1l 8.30 8.40
Cc2 8.30 8.40
E 0.50 BSC
X1 0.20 0.30
Y1l 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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6. QFN-48 Package Specifications

q =
& o} a _-—~_ Detail 1
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e N 9
v N \7;/
& & S 40
S Detail 2 =) a1 E
Al f ol
Ex@ouuCAla I\ DHHHHHHHHHHHHFE
ey e pe— ] A dex L
SIDE VIEW. BOTTOM VIEW
Detail 1
Pin—1 Identifler
T LT T TN Detall 2
/// 48 \\\ /// 48 \\\ /// 48 \\\ /// 48 \\\ Perimeter Leod Form
/00 | \,/000 | /0000 \ /000 ]\ A N
( 1 s Ly S R SR
| H I Il ; % e nﬁ -
B ’/ N o 7 A ~_ ’ h Ny ’ Option 1 Optian 2
Irregular Corner Corner Square Irreqular Edge Edge Exposed Edge Pull-Back
Option 1 Option 2 Optien 3
Figure 6.1. QFN-48 Package Drawing
Table 6.1. QFN-48 Package Dimensions
Dimension Min Nom Max Dimension Min Nom Max
A 0.80 0.90 1.00 E2 3.90 4.00 4.10
Al 0.00 — 0.05 L 0.30 0.40 0.50
b 0.18 0.23 0.30 L1 0.00 — 0.10
D 7.00 BSC. aaa — — 0.10
D2 3.90 4.00 4.10 bbb — — 0.10
e 0.50 BSC. cce — — 0.05
E 7.00 BSC. ddd — — 0.08
Notes:
1. All dimensions shown are in millimeters (mm) unless otherwise noted.
2. Dimensioning and Tolerancing per ANSI Y14.5M-1994.
3. 3.This drawing conforms to JEDEC outline MO-220, variation VKKD-4 except for features D2 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.

SILICON LABS

Rev. 1.0

41



C8051F70x/71x

10000000000

ok

100000000000
0000oooodul

JUJ000000000:

Figure 6.2. QFN-48 PCB Land Pattern
Table 6.2. QFN-48 PCB Land Pattern Dimensions

Dimension Min | Max
e 0.50 BSC
C1 6.80 6.90
C2 6.80 6.90
X1 0.20 0.30
X2 4.00 4.10
Y1 0.75 0.85
Y2 4.00 4.10
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 IPC-SM-7351 guidelines.
4. All dimensions shown are at Maximum Material Condition (MMC). Least Material Condition (LMC) is calculated
based on a Fabrication Allowance of 0.05 mm.
Solder Mask Design
5. All metal pads are to be non-solder mask defined (NSMD). Clearance between the solder mask and the metal pad is
to be 60 um minimum, all the way around the pad.
Stencil Design
6. A stainless steel, laser-cut and electro-polished stencil with trapezoidal walls should be used to assure good solder
paste release.
7. The stencil thickness should be 0.125 mm (5 mils).
8. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pads.
9. A 3x3 array of 1.20 mm square openings on 1.40 mm pitch should be used for the center ground pad.
Card Assembly
10. A No-Clean, Type-3 solder paste is recommended.
11. The recommended card reflow profile is per the JEDEC/IPC J-STD-020 specification for Small Body Components.
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7. QFN-32 Package Specifications
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Figure 7.1. QFN-32 Package Drawing
Table 7.1. QFN-32 Package Dimensions
Dimension Min Typ Max Dimension Min Typ Max
A 0.80 0.90 1.00 E2 3.50 3.60 3.70
Al 0.00 0.02 0.05 L 0.30 0.35 0.40
b 0.18 0.25 0.30 L1 0.00 — 0.10
D 5.00 BSC. aaa 0.15
D2 3.50 ‘ 3.60 ‘ 3.70 bbb 0.10
e 0.50 BSC. ddd 0.05
E 5.00 BSC. eee 0.08

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

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

3. This drawing conforms to the JEDEC Solid State Outline MO-220, variation VHHD except for
custom features D2, E2, L and L1 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 7.2. QFN-32 Recommended PCB Land Pattern

Table 7.2. QFN-32 PCB Land Pattern Dimensions

Dimension Min Max Dimension Min Max
C1 4.60 X2 3.60 3.70
Cc2 4.60 Y1 0.45 0.55
E 0.50 Y2 3.60 3.70
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 60 pm 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 0.125 mm (5 mils).

7. The ratio of stencil aperture to land pad size should be 1:1 for all perimeter pins.
8. A 3x3 array of 1.0 mm openings on a 1.25 mm pitch should be used for the center pad to

assure the proper paste volume.

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-020 specification for Small
Body Components.
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8. QFN-24 Package Specifications
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Figure 8.1. QFN-24 Package Drawing

Option 2

Edge Pull-Back

Table 8.1. 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-020 specification for Small Body
Components.
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Figure 8.2. QFN-24 Recommended PCB Land Pattern

Table 8.2. QFN-24 PCB Land Pattern Dimensions

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 60 pm 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 pads.

7. A2x2array of 1.10 mm x 1.10 mm openings on a 1.30 mm 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-020 specification for Small

Body Components.
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9. Electrical Characteristics

9.1. Absolute Maximum Specifications

Table 9.1. Absolute Maximum Ratings

or any Port pin

Parameter Conditions Min Typ Max Units
Ambient temperature under bias -55 — 125 °C
Storage Temperature —65 — 150 °C
Voltage on RST or any Port I/O Pin -0.3 — |Vppt+20| V
(except P0.3) with respect to GND
Voltage on P0.3 with respect to GND -0.3 — |Vppt0.3
Voltage on Vpp with respect to GND Regulator in Normal Mode | -0.3 — 4.2 V
Regulator in Bypass Mode | -0.3 — 1.98 V
Maximum Total current through Vpp — — 500 mA
and GND
Maximum output current sunk by RST — — 100 mA

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

Table 9.2. Global Electrical Characteristics
—40 to +85 °C, 25 MHz system clock unless otherwise specified.

Parameter Conditions Min | Typ | Max | Units
Supply Voltage® Regulator in Normal Mode 1.8 3.0 3.6 \%
Regulator in Bypass Mode 1.7 1.8 1.9 \%
Digital Supply Current with Vpp = 1.8V, Clock = 25 MHz — 5.0 6.5 mA
CPU Active (Normal Mode?'3) Vpp = 1.8 V, Clock = 1 MHz — 12| — | mA
Vpp = 1.8V, Clock = 32 kHz — | 175 | — | A
VDD =30V, Clock = 25 MHz — 55 7.0 mA
Vpp =3.0V, Clock = 1 MHz — 1.3 — mA
Vpp = 3.0V, Clock = 32 kHz — 190 — HA
Digital Supply Current with Vpp = 1.8V, Clock = 25 MHz — 25 4.0 mA
CPU Inactive (Idle Mode??) Vpp = 1.8 V, Clock = 1 MHz — | 180 | — | pA
VDD =1.8 V, Clock = 32 kHz f— 90 —_ HA
VDD =3.0 V, Clock = 25 MHz J— 3.2 4.5 mA
Vpp =3.0V, Clock = 1 MHz — 200 — HA
Vpp = 3.0V, Clock = 32 kHz — 110 - HA
Digital Supply Current Stop/suspend mode, Reg On, 25 °C — 80 90 MA
(shutdown)?
Stop/suspend mode, Reg Bypass, 25 °C| — 2 4 HA
Digital Supply RAM Data — 1.3 — V
Retention Voltage
Specified Operating -40 — +85 °C
Temperature Range
SYSCLK See Note 3. 0 — 25 MHz
(system clock frequency)
Tsysl (SYSCLK low time) 18 — — ns
Tsysh (SYSCLK high time) 18 — — ns
Notes:

1. Analog performance is not guaranteed when Vpp is below 1.8 V.
2. Includes bias current for internal voltage regulator.
3. SYSCLK must be at least 32 kHz to enable debugging.
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Table 9.3. Port I/O DC Electrical Characteristics
Vpp = 1.8 t0 3.6 V, —40 to +85 °C unless otherwise specified.

Parameters Conditions Min Typ Max Units
Output High Voltage High Drive Strength
lon = —3 mA, Port I/O push-pull Vpp— 0.7 — — \Y
lon =—10 pA, Port I/O push-pull Vpp-10.1 — — \Y
lon =—10 mA, Port I/O push-pull — Vpp—0.8 — \Y
Low Drive Strength
lon =—1 mA, Port I/O push-pull Vpp—0.7 — — \Y
lon =—10 pA, Port I/O push-pull | Vpp—0.1 — — \Y
lon =—3 mA, Port I/O push-pull — Vpp - 0.8 — \Y
Output Low Voltage High Drive Strength
loL = 8.5 mA — — 0.6 Y
loL = 10 pA — — 0.1 Y
IOL =25 mA — 1.0 — Vv
Low Drive Strength
oL =1.4 mA — — 0.6 \Y
loL =10 pA — — 0.1 Y
loL =4 mA — 1.0 — v
Input High Voltage 0.75 X Vpp — — Vv
Input Low Voltage — — 0.6 \%
Input Leakage Weak Pullup Off -1 — 1 HA
Current Weak Pullup On, V| =0V — 25 50 A
Table 9.4. Reset Electrical Characteristics
Vpp = 1.8 t0 3.6 V, —40 to +85 °C unless otherwise specified.
Parameter Conditions Min Typ Max Units
RST Output Low Voltage loL = 8.5 MA, — — 0.6 \Y
VDD =18Vto3.6V
RST Input High Voltage 0.75XVpp | — — \%
RST Input Low Voltage — — | 0.3XxVpp | Vpp
RST Input Pullup Current RST=0.0V — 25 50 A
Vpp POR Ramp Time — — 1 ms
Vpp Monitor Threshold (VrsT) 1.7 1.75 1.8 \Y
Missing Clock Detector Time from last system clock 100 500 1000 us
Timeout rising edge to reset initiation
Reset Time Delay Delay between release of any — — 30 us
reset source and code
execution at location 0x0000
Minimum RST Low Time to 15 — — us
Generate a System Reset
Vpp Monitor Turn-on Time Vpp =Vrst— 0.1V — 50 — VS
Vpp Monitor Supply Current — 25 30 A
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Table 9.5. Internal Voltage Regulator Electrical Characteristics
Vpp = 3.0V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max | Units

Input Voltage Range 1.8 — 3.6 \Y,

Bias Current Normal mode, 25 °C — 80 90 HA
Bypass mode, 25 °C — 2 4 MA

Table 9.6. Flash Electrical Characteristics

Parameter Conditions Min Typ | Max | Units
Flash Size* C8051F702/3/6/7, C8051F716/7 16384 bytes
C8051F700/1/4/5 15360 bytes
C8051F708/9, C8051F710/1/2/3/4/5 8192 bytes
Endurance (Erase/Write) 10000 | — — |cycles
Erase Cycle Time 25 MHz Clock 15 20 26 ms
Write Cycle Time 25 MHz Clock 15 20 26 ps
Clock Speed During Flash 1 — — | MHz
Write/Erase Operations

*Note: Includes Security Lock Byte.

Table 9.7. Internal High-Frequency Oscillator Electrical Characteristics
Vpp = 1.8 10 3.6 V; Ty =40 to +85 °C unless otherwise specified. Use 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, — 350 650 MA
OSCICN.7 = 1,
OCSICN.5=0
50 Rev. 1.0 )
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Table 9.8. Capacitive Sense Electrical Characteristics
Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Single Conversion Timel 12-bit Mode 20 29 40 VS
13-bit Mode (default) 21 31 42.5
14-bit Mode 23 33 45
16-bit Mode 26 38 50
Number of Channels 64-pin Packages 38 Channels
48-pin Packages 27
32-pin Packages 26
24-pin Packages 18
Capacitance per Code Default Configuration — 1 — fF
External Capacitive Load CSOCG = 111b (Default) — — 45 pF
CS0CG = 000b — — 500 pF
External Series Impedance CSOCG = 111b (Default) — — 50 kQ
Quantization Noisel? RMS — 3 — fF
Peak-to-Peak — 20 — fF
Power Supply Current CS module bias current, 25 °C — 50 60 HA
CS module alone, maximum code — 90 105 HA
output, 25 °C
Wake-on-CS threshold (suspend mode — 130 145 A
with regulator and CS module on)3

Notes:
1. Conversion time is specified with the default configuration.
2. RMS Noise is equivalent to one standard deviation. Peak-to-peak noise encompasses +3.3 standard
deviations. The RMS noise value is specified with the default configuration.
3. Includes only current from regulator, CS module, and MCU in suspend mode.
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Table 9.9. EEPROM Electrical

Characteristics

Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified. Use factory-calibrated settings.

Parameter Conditions Min Typ Max Units
Write to EEPROM from RAM — 3 ms
Read of EEPROM to RAM — 50x Tgyscik| — ps
Endurance (Writes) 300000 — — cycles
Clock Speed During EEPROM 1 — — MHz
Write Operations

Note: Tgyscik iS equal to one period of the device system clock (SYSCLK).

Table 9.10. 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 -2 0 2 LSB
Full Scale Error -2 0 2 LSB
Offset Temperature Coefficient — 45 — ppm/°C

Dynamic performance (10 kHz s

ine-wave single-ended input, 1 dB below Full Scale, 500 ksps)

Signal-to-Noise Plus Distortion 56 60 — dB
Total Harmonic Distortion Up to the 5th harmonic — 72 — dB
Spurious-Free Dynamic Range — -75 — dB
Conversion Rate
SAR Conversion Clock — — 8.33 MHz
Conversion Time in SAR Clocks 10-bit Mode 13 — — clocks
8-bit Mode 11 — — clocks
Track/Hold Acquisition Time Vpp>=2.0V 300 — — ns
Vpp <2.0V 2.0 — — Hs
Throughput Rate — — 500 ksps
Analog Inputs
ADC Input Voltage Range 0 — VREF \%
Sampling Capacitance 1x Gain — 5 — pF
0.5x Gain — 3 — pF
Input Multiplexer Impedance — 5 — kQ

Power Specifications

Power Supply Current

Operating Mode, 500 ksps

600 1000 HA

Power Supply Rejection
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Table 9.11. Power Management Electrical Characteristics
Vpp = 1.810 3.6 V; Ty = —40 to +85 °C unless otherwise specified. Use factory-calibrated settings.

Parameter Conditions Min Typ | Max Units
Idle Mode Wake-Up time 2 — 3 SYSCLKs
Suspend Mode Wake-Up Time — 250 — ns
Table 9.12. Temperature Sensor Electrical Characteristics
Vpp = 3.0 V, —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units
Linearity — 1 — °C
Slope — 3.27 — mV/°C
Slope Error* — +65 — pv/eC
Offset Temp=0°C — 868 — mV
Offset Error* Temp=0°C — +15.3 — mV
*Note: Represents one standard deviation from the mean.

Table 9.13. Voltage Reference Electrical Characteristics

Vpp = 1.8 t0 3.6 V; —40 to +85 °C unless otherwise specified.

Parameter Conditions Min Typ Max Units

Internal High-Speed Reference (REFSL[1:0] = 11)
Output Voltage 25 °C ambient 155 | 1.59 | 1.70 \%
Turn-on Time — — 1.7 VES
Supply Current — 200 — MA
External Reference (REFOE = 0)
Input Voltage Range 0 — Vpp
Input Current Sample Rate =500 ksps; VREF=3.0V | — 7 — MA

SILICON LABS
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Table 9.14. Comparator Electrical Characteristics
Vpp = 3.0 V, —40 to +85 °C unless otherwise noted.

Parameter Conditions Min Typ Max Units
Response Time: CPO+ — CPO- =100 mV — 300 — ns
Mode 0, Vem" = 1.5V CPO+—CPO-=-100mV | — 200 — ns
Response Time: CPO+ — CPO- =100 mV — 400 — ns
Mode 1, Vem' = 1.5V CPO+-CPO-=-100mV | — 350 — ns
Response Time: CPO+ - CPO- =100 mV — 570 — ns
Mode 2, Vem™ = 1.5V CPO+ — CPO- = —100 mV — 870 — ns
Response Time: CPO+ — CPO- =100 mV — 1500 — ns
Mode 3, Vem' = 1.5V CPO+ — CPO- = —100 mV — | 4500 — ns
Common-Mode Rejection Ratio — 1 4 mV/V
Positive Hysteresis 1 Mode 2, CPOHYP1-0 =00 — 0 mV
Positive Hysteresis 2 Mode 2, CPOHYP1-0 =01 5 10 mV
Positive Hysteresis 3 Mode 2, CPOHYP1-0 =10 10 20 mV
Positive Hysteresis 4 Mode 2, CPOHYP1-0 = 11 10 20 30 mV
Negative Hysteresis 1 Mode 2, CPOHYN1-0 = 00 — 1 mV
Negative Hysteresis 2 Mode 2, CPOHYN1-0 =01 10 mV
Negative Hysteresis 3 Mode 2, CPOHYN1-0 =10 7 10 20 mV
Negative Hysteresis 4 Mode 2, CPOHYN1-0 =11 10 20 30 mV
Inverting or Non-Inverting Input -0.25 — Vpp +0.25 \Y,
Voltage Range
Input Offset Voltage -7.5 — 7.5 mV
Power Specifications
Power Supply Rejection — 0.1 — mV/V
Powerup Time — 10 — us
Supply Current at DC Mode 0 — 25 — A
Mode 1 — 10 — HA
Mode 2 — 3 — MA
Mode 3 — 0.5 — MA

Note: Vcm is the common-mode voltage on CPO+ and CPO-.
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10. 10-Bit ADC (ADCO)

ADCO on the C8051F700/2/4/6/8 and C8051F710/2/4/6 is a 500 ksps, 10-bit successive-approximation-
register (SAR) ADC with integrated track-and-hold, a gain stage programmable to 1x or 0.5x, and a pro-
grammable window detector. The ADC is fully configurable under software control via Special Function
Registers. The ADC may be configured to measure various different signals using the analog multiplexer
described in Section “10.5. ADCO Analog Multiplexer” on page 65. The voltage reference for the ADC is
selected as described in Section “11. Temperature Sensor” on page 67. 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
AEHBEEEHEE
28|28 sik=1k=)
a|a|a|g|8|8|8|8
<< <2122 <<
A 4 T
VDD 000 —— ADOBUSY (W)
Start 1 001 |— Timer 0 Overfl
Conversion imer vertiow
010 Timer 2 Overflow
011 —— Timer 1 Overflow
\ __
| | 100 —— CNVSTR Input
——————— = 101 —— Timer 3 Overflow
r | 1
O
! ! 10-Bit "9(
| 1
| I
From SAR _—
| L )
| AMUXO ! 1
o ADC z
| I o
I ] )
[P R S J D
AMPOGNO <
j‘ T L B
W
ol
P ADOWINT
’ t
P — T Window
= = | 1 Compare
||| w|= 32 Loaic
n gi
?|2|2|3|2|3|2| 8| [ADCOLTH]|[ADCOLTL |
olo|lo|o|o|a|9|g
alajajalalalals
< <|<|<|<( << 2 I 1
ADCOCF |ADCOGTH||ADCOGTL |
Figure 10.1. ADCO Functional Block Diagram
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10.1. Output Code Formatting

The ADC measures the input voltage with reference to GND. 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. 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.

Input Voltage Right-Justified ADCOH:ADCOL Left-Justified ADCOH:ADCOL
(ADOLJST =0) (ADOLJST =1)

VREF x 1023/1024 OX03FF OXFFCO

VREF x 512/1024 0x0200 0x8000

VREF x 256/1024 0x0100 0x4000

0 0x0000 0x0000

10.2. 8-Bit Mode

Setting the ADCO8BE bit in register ADCOCF to 1 will put the ADC in 8-bit mode. In 8-bit mode, only the 8
MSBs of data are converted, and the ADCOH register holds the results. The ADOLJST bit is ignored for 8-
bit mode. 8-bit conversions take two fewer SAR clock cycles than 10-bit conversions, so the conversion is
completed faster, and a 500 ksps sampling rate can be achieved with a slower SAR clock.

10.3. Modes of Operation

ADCO has a maximum conversion speed of 500 ksps. The ADCO conversion clock is a divided version of
the system clock, determined by the ADOSC bits in the ADCOCF register.

10.3.1. 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:

1. 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

6. A Timer 3 overflow

Writing a 1 to ADOBUSY provides software control of ADCO whereby conversions are performed "on-
demand". During conversion, the ADOBUSY bit is set to logic 1 and reset to logic 0 when the conversion is
complete. The falling edge of ADOBUSY triggers an interrupt (when enabled) and sets the ADCO interrupt
flag (ADOINT). When polling for ADC conversion completions, the ADCO interrupt flag (ADOINT) should be
used. Converted data is available in the ADCO data registers, ADCOH:ADCOL, when bit ADOINT is logic 1.
When Timer 2 or Timer 3 overflows are used as the conversion source, Low Byte overflows are used if
Timer 2/3 is in 8-bit mode; High byte overflows are used if Timer 2/3 is in 16-bit mode. See Section
“33. Timers” on page 262 for timer configuration.

Important Note About Using CNVSTR: The CNVSTR input pin also functions as a Port I/O pin. When the
CNVSTR input is used as the ADCO conversion source, the associated pin should be skipped by the Digi-
tal Crosshar. See Section “28. Port Input/Output” on page 180 for details on Port I/O configuration.

a s N

56 Rev. 1.0
SILICON LABS



C8051F70x/71x

10.3.2. Tracking Modes

The ADOTM bit in register ADCOCN enables "delayed conversions", and will delay the actual conversion
start by three SAR clock cycles, during which time the ADC will continue to track the input. If ADOTM is left
at logic 0, a conversion will begin immediately, without the extra tracking time. For internal start-of-conver-
sion sources, the ADC will track anytime it is not performing a conversion. When the CNVSTR signal is
used to initiate conversions, ADCO will track either when ADOTM is logic 1, or when ADOTM is logic 0 and
CNVSTR is held low. See Figure 10.2 for track and convert timing details. Delayed conversion mode is
useful when AMUX settings are frequently changed, due to the settling time requirements described in
Section “10.3.3. Settling Time Requirements” on page 58.

A. ADC Timing for External Trigger Source

CNVSTR
(ADOCM[2:0]=1xx)

123 456 7 8 9 101112131415%1617

|
|
ok AL A S
Clocks :
! :
| I
ADOTM=1 : Track Convert : Track
|
: *Conversion Ends at rising edge of 15™ clock in 8-bit Mode
|
: 1 23 456 7 8 9 101112*1314
SAR Clocks : |
| 1
! 1
|
ADOTM=0| N/C Track Convert : N/C

*Conversion Ends at rising edge of 12" clock in 8-bit Mode

B. ADC Timing for Internal Trigger Source
Write '1' to ADOBUSY,

Timer 0, Timer 2, Timer 1 Overflow \"

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

123 456 7 8 9 10111213 141516 17
e L TN
Clocks

1
|
ADOTM=1 Track Convert : Track

*Conversion Ends at rising edge of 15" clock in 8-bit Mode

1 2 3 456 7 8 9 101112*1314

e JUUUUUUUUULULUUT
Clocks

ADOTM=0 Track or

Convert

1
|
Convert : Track

*Conversion Ends at rising edge of 12" clock in 8-bit Mode

Figure 10.2. 10-Bit ADC Track and Conversion Example Timing
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10.3.3. 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. In delayed tracking mode,
three SAR clocks are used for tracking at the start of every conversion. For many applications, these three
SAR clocks will meet the minimum tracking time requirements.

Figure 10.3 shows the equivalent ADCO input circuit. The required ADCO settling time for a given settling
accuracy (SA) may be approximated by Equation 10.1. See Table 9.10 for ADCO minimum settling time
requirements as well as the mux impedance and sampling capacitor values.

2n
t= ln(S_A) X RrotaLCsampLE

Equation 10.1. 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)
tis the required settling time in seconds

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

n is the ADC resolution in bits (10).

MUX Select

Input Pin @—ow

RMUX

_ CsawvpLE

RC|nput= Rmux * CsampLe =

Note: See electrical specification tables for Ryux and CsavpLe parameters.

Figure 10.3. ADCO Equivalent Input Circuits
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SFR Definition 10.1. ADCOCF: ADCO Configuration

Bit 7 6 5 4 3 2 1 0
Name ADOSCJ4:0] ADOLJST | ADO8SBE | AMPOGNO
Reset 1 1 1 1 1 0 0 1

SFR Address = OxBC; SFR Page = F
Bit Name Function
7:3 | ADOSC[4:0] | 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 the ADC specification table.
ADOSC = 2VCLK 4
CLK g
2 ADOLJST |ADCO Left Justify Select.
0: Data in ADCOH:ADCOL registers are right-justified.
1: Data in ADCOH:ADCOL registers are left-justified.
Note: The ADOLJST bit is only valid for 10-bit mode (ADO8BE = 0).
1 ADO8BE |8-Bit Mode Enable.
0: ADC operates in 10-bit mode (normal).
1: ADC operates in 8-bit mode.
Note: When ADOS8BE is set to 1, the ADOLJST bit is ignored.
0 | AMPOGNO |ADC Gain Control Bit.
0: Gain=0.5
1:Gain=1

SILICON LABS
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SFR Definition 10.2. ADCOH: ADCO Data Word MSB

Bit 7 6 5 4 3 2 1 0
Name ADCOH[?IO]
Reset 0 0 0 0 0 0 0 0
SFR Address = OxBE; SFR Page =0
Bit Name Function
7:0 | ADCOHJ[7:0] | ADCO Data Word High-Order Bits.

For ADOLJST = 0: Bits 7:2 will read 000000b. 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.
Note: In 8-bit mode ADOLJST is ignored, and ADCOH holds the 8-bit data word.

SFR Definition 10.3. ADCOL: ADCO Data Word LSB

Bit 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0
SFR Address = 0xBD; SFR Page =0
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.
Note: In 8-bit mode ADOLJST is ignored, and ADCOL will read back 00000000b.
60 Rev. 1.0 )
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SFR Definition 10.4. 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 = OxE8; SFR Page = All Pages; 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: Delayed Track Mode: When ADCO is enabled, input is tracked when a conversion
is not in progress. A start-of-conversion signal initiates three SAR clocks of additional
tracking, and then begins the conversion.
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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10.4. 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 10.5. ADCOGTH: ADCO Greater-Than Data High Byte

Bit 7 6 4 3 2 1 0
Name ADCOGTHJ[7:0]
Type R/W
Reset 1 1 1 1
SFR Address = 0xC4; SFR Page =0
Bit Name Function
7:0 | ADCOGTH[7:0] | ADCO Greater-Than Data Word High-Order Bits.

SFR Definition 10.6. 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; SFR Page =0
Bit Name

7:0 | ADCOGTL[7:0] | ADCO Greater-Than Data Word Low-Order Bits.

Function
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SFR Definition 10.7. ADCOLTH: ADCO Less-Than Data High Byte

Bit 7 6 4 3
Name ADCOLTH[7:0]
Type R/W
Reset 0 0 0 0

SFR Address = 0xC6; SFR Page =0

Bit Name Function

7:0 | ADCOLTHI[7:0] | ADCO Less-Than Data Word High-Order Bits.

SFR Definition 10.8. ADCOLTL: ADCO Less-Than Data Low Byte

Bit 7 6 4 3
Name ADCOLTL[7:0]
Type R/W
Reset 0 0 0 0
SFR Address = 0xC5; SFR Page =0
Bit Name Function
7:0 | ADCOLTL[7:0] |ADCO Less-Than Data Word Low-Order Bits.

SILICON LABS
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10.4.1. Window Detector Example

Figure 10.4 shows two example window comparisons for right-justified data, with
ADCOLTH:ADCOLTL = 0x0080 (128d) and ADCOGTH:ADCOGTL = 0x0040 (64d). The input voltage can
range from 0 to VREF x (1023/1024) with respect to GND, and is represented by a 10-bit unsigned integer
value. In the left example, an ADOWINT interrupt will be generated if the ADCO conversion word
(ADCOH:ADCOL) is within the range defined by ADCOGTH:ADCOGTL and ADCOLTH:ADCOLTL
(if Ox0040 < 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 10.5 shows an example using left-justi-
fied data with the same comparison values.

ADCOH:ADCOL ADCOH:ADCOL

Input Voltage 4 Input Voltage
(AIN - GND) (AIN - GND)
VREF x (1023/ OXO3FF VREF x (1023/
1024) 1024)
ADOWINT _
not affected ADOWINT=1
0x0081
VREF x (128/1024) 0x0080 <—| ADCOLTH:ADCOLTL | VREF x (128/1024) 0x0080 <—| ADCOGTH:ADCOGTL |
"""""""""""""""""""""""""""" 0x007F
ADOWINT=1 ADOWINT
0x0041 not affected
VREF x (64/1024) 0x0040 <—| ADCOGTH:ADCOGTL | VREF x (64/1024) 0x0040 <—| ADCOLTH:ADCOLTL |
0x003F
ADOWINT ADOWINT=1
not affected
0 0x0000
Figure 10.4. ADC Window Compare Example: Right-Justified Data
ADCOH:ADCOL ADCOH:ADCOL
Input Voltage A Input Voltage
(AIN - GND) (AIN - GND)
VREF x (1023/ OXFFCO 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 |
"""""""""""""""""""""""""" 0x1FCO
ADOWINT=1 ADOXV'NT q
0x1040 not affecte
VREF x (64/1024) 0x1000 | 4—| ADCOGTH:ADCOGTL | VREF x (64/1024) 0x1000  [«—] ADCOLTH:ADCOLTL |
0XOFCO
ADOWINT ADOWINT=1
not affected
0 0x0000 0

Figure 10.5. ADC Window Compare Example: Left-Justified Data
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10.5. ADCO Analog Multiplexer

ADCO on the C8051F700/2/4/6/8 and C8051F710/2/4/6 uses an analog input multiplexer to select the pos-
itive input to the ADC. Any of the following may be selected as the positive input: Port 0 or Port 1 1/O pins,
the on-chip temperature sensor, or the positive power supply (Vpp). The ADCO input channel is selected in
the ADCOMX register described in SFR Definition 10.9.

ADCOMX
<S[(M|AN | O
(A T oW o Wy a8
OO0 |0 |O
XXX |[X[X
=N N >
< << (<
PO.OR—>
°
°
°
@ P1.7 ®— > AMUX ADCO
Temp >
Sensors VREG Output ———»
VDD ——>
GND—»/

Figure 10.6. 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 the corresponding bit in register PNMDIN to 0. To force the Crossbar to skip a Port pin, set the
corresponding bit in register PnSKIP to 1. See Section “28. Port Input/Output” on page 180 for more Port
I/0 configuration details.
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