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Full Speed USB, 16 kB Flash MCU Family

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 three fixed-function endpoints

256 Byte USB buffer memory

Integrated transceiver; no external resistors

required

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

Voltage Supply Input: 2.7 t0 5.25 V

- Voltages from 3.6 to 5.25 V supported using
On-Chip Voltage Regulator

High-Speed 8051 uC Core

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

- Up to 25 MIPS throughput with 25 MHz clock

- Expanded interrupt handler

Memory

- 1536 bytes internal RAM
(1 k + 256 + 256 USB FIFO)

- 16k bytes Flash; In-system programmable in
512-byte sectors

Digital Peripherals

- 15 Port I/O; All 5 V tolerant with high sink current

- Enhanced UART

- Two general purpose 16-bit timers

Clock Sources

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

- External CMOS clock

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

Packages

- 28-pin QFN

- Temperature Range: —40 to +85 °C

ANALOG
] PERIPHERALS

VREG

16 KB
- ISP FLASH

- USB Controller / Transceiver
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1. System Overview

C8051F326/7 devices are fully integrated mixed-signal system-on-a-chip MCUs. Highlighted features are
listed below. Refer to Table 1.1 for specific product feature selection.

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

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

+ Universal serial bus (USB) function controller with three fixed-function endpoint pipes, integrated trans-
ceiver, and 256B FIFO RAM

«  Supply voltage regulator

»  Precision programmable 12 MHz internal oscillator and 4x clock multiplier

+ 16k kB of on-chip Flash memory

» 1536 total bytes of on-chip RAM (256 + 1 k + 256 USB FIFO)

« Enhanced UART, serial interfaces implemented in hardware

» Two general-purpose 16-bit timers

+  On-chip power-on reset, VDD monitor, and missing clock detector

15 Port I/O (5 V tolerant)

With on-chip power-on reset, VDD monitor, voltage regulator, and clock oscillator, C8051F326/7 devices
are truly stand-alone System-on-a-Chip solutions. The Flash memory can be reprogrammed in-circuit, pro-
viding 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 sav-
ings.

The on-chip Silicon Laboratories 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. C8051F326/7 are
available in two 28-pin QFN packages with different pinouts. The RoHS compliant devices are marked with
a -GM suffix in the part number. The port /0O on C8051F326 devices is powered from a separate 1/0O supply
allowing it to interface to low voltage logic.

Table 1.1. Product Selection Guide

>
) o
c » =3
© — - 2 S = | Q b
g 5 | E = 2 s |z |S
oD y 2 25 S5 z | & o) o)
£ 0 = | 2 T3 > © » — © >
P -g %) < s |82 | mn |23 & 5 S © L
°5 L | & | |83 o |§F| < E | | & @
oz = o o [GNO) D wno D [ (o) n o
C8051F326-GM 25 16k | 1536 | Vv v v v 2 15 v QFN-28
C8051F327-GM 25 16k | 1536 | Vv v v v 2 15 — QFN-28
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REGNR—— 3|1y Voltage Enable Lach PO.aXTALZ
Regulator [&—— P0.4/TX
ouT UART P0.5/RX
P0.6
Analog/Digital P0.7
VoD Power —>{ /SYSCLK [
GNDEﬁ
= pre— <€ Timer 0,1 |
c2p —>) 8 16 kB
Debug HW 0 FLASH
Reset 5 256 byte
/RST/C2CK (& 1 SRAM P20
P2.1
L XRAM Port 2 P23
C Latch Dfe—X P24
Low Freq ¢ [——X P25
Oscillator [o) v
T
XTAL2 ssem | I |SFR Bus p——>& P3.0/c2D
12 MHz Clock 1 @ 1™ 3
Internal
Oscillator Latch D
r
\
Clook USB Clock
Recovery
D+ &<—h—> USB  lepl USB _ o
D- < i » Transceiver Controller | ”
v
VBUS & 256 byte
USB SRAM

Figure 1.1. C8051F326 Block Diagram
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le—»[® PO.0/SYSCLK
Port 0 Pl x P01
REGN®— V| . Voltage Enable Latch 0l & PO2
e le— »® P0.3/XTAL2
Regulator D [«——X P0.4/TX
L | UART | >R PO.5RX
PS— 5<—>|z| P0.6
nalog/Digital P0.7
VDD ] /SYSCLK ——x
GNDE,ﬁ
= e <€ Timer 0,1 |
C2D €«—»| 8 16 kB
Debug HW € 0 FLASH
Reset 5 256 byte
/RST/C2CK Rt SRAM -
>R P20
B 1 Pl >R P21
[ on [ %i | e R
out XRAM Port 2 P23
C Latch D f[e—X P24
Low Freq ¢ [——X P25
Oscillator [o) \Y
XTAL2 system | T §FR Bus p——® P3.0c2D
12 MHz Clock e i 3
Internal
Oscillator B Latch D
r
v
Clock USB Clock
Recovery
DrRe—f————> USB eyl USB | _
D- IZH—\—‘—> Transceiver Controller |~ i
T
VEUS B2 256 byte
USB SRAM
Figure 1.2. C8051F327 Block Diagram
®
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______________________ A

:—1.8 to 3.6V VIO

l VIO can be connected directly to

______________________ r———= 1 VIO VDD for 3.3 V communication.
| SUPPLY NET N T K
: Add decoupling/bypass VDD : m—— T ——f————————————————
capacitors close to each 4.7 pyF _[0.1 pF Ll 1-5 RESET SIGNAL
| voltage supply pin. Please see —T— T I /RST/ Add a 1-5 KQ pull-up resistor to
| Section 5 for alternate supply == = || cock VIO.
| net connection options. LT R [t R b . e o S . S
| 425V VREGIN| |- —— - —————————— —— ————
Prae e e apmacomn o oo s It DEBUG SIGNALS
B a e e e vy I : 1 P3.0/ <CoD ] Connections needed for
I I 'l cop optional debug interface
5 N

| . o H S b VBUS |,
| Add ESD protection 2 S |11 —1#A i == - === CoCoCoSSSTSSSSSSISX
| diodes designed for | (3 @ S |11 1 | : i GPIO
I use with USB, such | 2 € o N E—
| as Littlefuse 8 H (% ] g; : &= Unused port pins should be left
| SPO503BAHT or w [T i floating, configured to push-pull
| equivalent. =L : e output, and driven high.
| Keep the USB shield ground I : Si—
'L isolated from the device ground. | =
'GROUNDNET GND T

Pin 2 is the only required Ground connection

on the device. The ground lug on the bottom
| of the device is used for heat dissipation, and
| is optional.

| SUPPLY NET C ]

: Add decoupling/bypass Py

| capacitors close to each 4.7 pF _{0.1 pF

| voltage supply pin. Please see —T_ I

| Section 5 for alternate supply =

| net connection options.

| 42to5V

.
_______________ |

[£ I

| USB - |

| L — 2 H+H

| Add ESD protection £ RN ——1 pF

| diodes designed for | {3 © 5|11 L

| use with USB, such | 2 g | =——=——

| as Littlefuse & o L

| SPO503BAHT or w [T

| equivalent. L :

| Keep the USB shield ground I

i isolated from the device ground. J'

'GrOUNDNET

1-5 RESET SIGNAL
/RST/ Add a 1-5 KQ pull-up resistor to

DEBUG SIGNALS

P3.0/
cz2D Connections needed for
GND GND optional debug interface
o~ — GPIO
5 — Unused port pins should be left
a— - ;
floating, configured to push-pull
A output, and driven high.
e —
= —
o
2 —

Pin 2 is the only required Ground connection

on the device. The ground lug on the bottom
| of the device is used for heat dissipation, and
| is optional.

Figure 1.4. Typical Connections for the C8051F327
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C8051F326/7

1.1. CIP-51™ Microcontroller Core

1.1.1. Fully 8051 Compatible

The C8051F326/7 family utilizes Silicon Laboratories' proprietary CIP-51 microcontroller core. The CIP-51
is fully compatible with the MCS-51™ instruction set; standard 803x/805x assemblers and compilers can
be used to develop software. The CIP-51 core offers all the peripherals included with a standard 8052,
including two 16-bit counter/timers, a full-duplex UART with extended baud rate configuration, 1536 bytes
of on-chip RAM, 128 byte Special Function Register (SFR) address space, and 15 I/O pins.

1.1.2. Improved Throughput

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

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

Clocks to Execute 1 2 2/3 3 3/4 4 4/5 5 8
Number of Instructions 26 50 5 14 7 3 1 2 1

With the CIP-51's maximum system clock at 25 MHz, it has a peak throughput of 25 MIPS. Figure 1.5
shows a comparison of peak throughputs for various 8-bit microcontroller cores with their maximum sys-
tem clocks.

20 —

15—

MIPS

10 —

B

Silicon Labs  Microchip Philips ADuC812
CIP-51 PIC17C75x 80C51 8051
(25 MHz clk) (33 MHz clk) (33 MHz clk) (16 MHz clk)

Figure 1.5. Comparison of Peak MCU Execution Speeds
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1.1.3. Additional Features

The C8051F326/7 SoC family includes several key enhancements to the CIP-51 core and peripherals to
improve performance and ease of use in end applications.

The extended interrupt handler provides 8 interrupt sources into the CIP-51. An interrupt driven system
requires less intervention by the MCU, giving it more effective throughput. The interrupt sources are very
useful when building multi-tasking, real-time systems.

Seven reset sources are available: power-on reset circuitry (POR), an on-chip VDD monitor (forces reset
when power supply voltage drops below VrgT as given in Table 7.1 on page 62), the USB controller (USB
bus reset or a VBUS transition), a Missing Clock Detector, a forced software reset, an external reset pin,
and an errant Flash read/write protection circuit. Each reset source except for the POR, Reset Input Pin, or
Flash error may be disabled by the user in software.

The internal oscillator is factory calibrated to 12 MHz £1.5%, and the internal oscillator period may be user
programmed in ~0.25% increments. An additional low-frequency oscillator is also available which facili-
tates low power operation. A clock recovery mechanism allows the internal oscillator to be used with the 4x
Clock Multiplier as the USB clock source in Full Speed mode; the internal oscillator can also be used as
the USB clock source in Low Speed mode. An external CMOS clock may also be used with the 4x Clock
Multiplier. The system clock may be configured to use the internal oscillator, external clock, low-frequency
oscillator, or the Clock Multiplier output divided by 2. If desired, the system clock source may be switched
on-the-fly between oscillator sources. The external clock and internal low-frequency oscillator can be
extremely useful in low power applications, allowing the MCU to run from a slow (power saving) clock
source, while periodically switching to the high-frequency internal oscillator as needed.

VDD

Supply
Monitor

Power On

Reset ‘0" /RST
(wired-OR) X
Missing
—» > Clock Reset
Detector Funnel
(one-
shot) (Software Reset)
£ SWRSF

Errant
FLASH
Operation

Low
Frequency
Oscillator

MCD
Enable

Internal System
Oscillator Clock CIP-51

Microcontroller | System Reset

External
x1aL2 PJ—— Clock Input Clock Select Core

Extended Interrupt
Handler

Figure 1.6. On-Chip Clock and Reset
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1.2,

The CIP-51 has a standard 8051 program and data address configuration. It includes 256 bytes of data
RAM, with the upper 128 bytes dual-mapped. Indirect addressing accesses the upper 128 bytes of general
purpose RAM, and direct addressing accesses the 128 byte SFR address space. The lower 128 bytes of
RAM are accessible via direct and indirect addressing. The first 32 bytes are addressable as four banks of
general purpose registers, and the next 16 bytes can be byte addressable or bit addressable.

On-Chip Memory

Program memory consists of 16k bytes of Flash. This memory may be reprogrammed in-system in 512
byte sectors, and requires no special off-chip programming voltage. See Figure 1.7 for the MCU system
memory map.

PROGRAM/DATA MEMORY DATA MEMORY (RAM)
(FLASH) INTERNAL DATA ADDRESS SPACE
Ox3FFF RESERVED OxFF Upper 128 RAM Special Function
0x3E00 (Indirect Addressing Register's
Ox3DFF 0x80 Only) (Direct Addressing Only)
O0x7F
(Direct and Indirect
Addressing) Lower 128 RAM
16K FLASH 0x30 (Direct and Indirect
O0x2F '
(In-System OX 20 Bit Addressable Addressing)
Programmable in 512 0;(1 = General Purpose
Byte Sectors) 0x00 Registers
EXTERNAL DATA ADDRESS SPACE
0x0000
OxFFFF USB FIFOs
256 Bytes

Accessible through
USB Registers Only

Same 1024 bytes as from

0x0000 to 0x03FF, wrapped
on 1K-byte boundaries

0x0400
0x03FF

XRAM - 1024 Bytes

(accessable using MOVX
instruction)

0x0000

Figure 1.7. On-Board Memory Map
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1.3. Universal Serial Bus Controller

The Universal Serial Bus Controller (USBO) is a USB 2.0 peripheral with integrated transceiver and end-
point FIFO RAM. The controller supports both full and low speed modes. A total of three endpoint pipes are
available: a bi-directional control endpoint (Endpoint0) and a data endpoint (Endpoint1) with one IN pipe
and one OUT pipe.

A 256 block of XRAM is used as dedicated USB FIFO space. This FIFO space is distributed between End-
point0 and Endpoint1. Endpoint0 is 64 bytes, and Endpoint1 has a 64 byte IN pipe and a 128 byte OUT

pipe.

USBO can be operated as a Full or Low Speed function. The on-chip 4x Clock Multiplier and clock recovery
circuitry allow both Full and Low Speed options to be implemented with the on-chip precision oscillator as
the USB clock source. An external clock source can also be used with the 4x Clock Multiplier to generate
the USB clock.

The USB Transceiver is USB 2.0 compliant, and includes on-chip matching and pullup resistors. The pul-
lup resistors can be enabled/disabled in software, and will appear on the D+ or D— pin according to the
software-selected speed setting (full or low speed).

Transceiver Serial Interface Engine (SIE)

Endpoint0
VDD

5 % INOUT
aa ’ USB

ﬁ Data - Control, H CIP-51 Core
Transfer Endpoint1 Status, and
Control Interrupt

Registers
IN ouT

<

L]

USB FIFOs
(256B RAM)

Figure 1.8. USB Controller Block Diagram

1.4. \Voltage Regulator

C8051F326/7 devices include a voltage regulator (REGO0). When enabled, the REGO output appears on
the VDD pin and can be used to power external devices. REGO can be enabled/disabled by software.
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1.5. On-Chip Debug Circuitry

C8051F326/7 devices include on-chip Silicon Laboratories 2-Wire (C2) debug circuitry that provides non-
intrusive, full speed, in-circuit debugging of the production part installed in the end application.

The Silicon Laboratories' debugging system supports inspection and modification of memory and registers,
breakpoints, and single stepping. No additional target RAM, program memory, timers, or communications
channels are required. All the digital and analog peripherals are functional and work correctly while debug-
ging. All the peripherals (except for the USB) are stalled when the MCU is halted, during single stepping, or
at a breakpoint in order to keep them synchronized.

The C8051F326DK development kit provides all the hardware and software necessary to develop applica-
tion code and perform in-circuit debugging with the C8051F326/7 MCUs. The kit includes a Windows
development environment, a serial adapter for connecting to the C2 port, and a target application board.
All of the necessary communication cables and a wall-mount power supply are also supplied with the
development kit. The Silicon Laboratories debug environment is a vastly superior configuration for devel-
oping and debugging embedded applications compared to standard MCU emulators, which use on-board
"ICE Chips" and target cables and require the MCU in the application board to be socketed. The Silicon
Laboratories debug environment enhances ease of use and preserves the performance of on-chip periph-
erals.

Silicon Laboratories Integrated
Development Environment

WINDOWS PC

Y &

\

Serial
/ == EEse Adapter

C2 (x2), VDD, GND

Figure 1.9. Development/In-System Debug Diagram
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1.6. Programmable Digital I/O

C8051F326/7 devices include 15 I/O pins (one byte-wide Port, one 6-bit-wide and one 1-bit-wide Port).
The C8051F326/7 Ports behave like typical 8051 Ports with a few enhancements. Each Port pin may be
configured as a digital input or output pin. Pins selected as digital outputs may additionally be configured
for push-pull or open-drain output. The “weak pullups” that are fixed on typical 8051 devices may be glob-
ally disabled, providing power savings capabilities.

1.7. Serial Ports

The C8051F326/7 Family includes a full-duplex UART with enhanced baud rate configuration. The serial
interface is fully implemented in hardware and makes extensive use of the CIP-51's interrupts, thus requir-
ing very little CPU intervention.
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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/0O Pin or RST with -0.3 — 5.8 \
Respect to GND
Voltage on VDD or VIO with Respect to GND -0.3 — 4.2 \
Maximum Total Current through VDD, VIO, — — 500 mA
and GND
Maximum Output Current Sunk by RST or — — 100 mA
any 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.

Rev. 1.1 23

SILICON LABS



C8051F326/7

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
/O Supply Voltage (VIO)'+2 1.8 3.3 3.6 Vv
Core Supply Voltage (VDD)? 2.7 3.3 3.6 Vv
Core Supply Current with CPU | VDD = 3.3 V, Clock = 24 MHz — 11 — mA
Active VDD = 3.3 V, Clock = 3 MHz — 1.9 — mA
VDD = 3.3 V, Clock = 32 kHz — 20 — HA
Core Supply Current with CPU | VDD = 3.3 V, Clock = 24 MHz — 4.4 — mA
Inactive (not accessing Flash) | VDD = 3.3V, Clock = 3 MHz — 0.83 — mA
VDD = 3.3V, Clock = 32 kHz — 13 — HA
Digital Supply Current (sus- Oscillator not running . < 0.1 . uA

pend mode or shutdown mode)

Digital Supply RAM Data Reten-

tion Voltage T 1.5 o v
SYSCLK (System Clock)* 0 — 25 MHz
TsysH (SYSCLK High Time) 18 — — ns
TsysL (SYSCLK Low Time) 18 — — ns
Specified Operating Tempera- 40 . .85 oc
ture Range
Notes:

1. The I/O Supply Voltage (VIO) must be less than or equal to the Core Supply Voltage (VDD).

2. For C8051F327 devices, VIO is internally connected to VDD.

3. USB Requires 3.0 V Minimum Core Supply Voltage (VDD).

4. SYSCLK must be at least 32 kHz to enable debugging.
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4. Pinout and Package Definitions

Table 4.1. Pin Definitions for the C8051F326/7

Pin Numbers

Name Type |Description
‘F326 | ‘F327
Power |2.7-3.6 V Core Supply Voltage Input.
In
VDD 6 6
Power |3.3 V Voltage Regulator Output. See Section 5.
Out
VIO Power |V I/O Supply Voltage Input. The voltage at this pin must be
5 — In less than or equal to the Core Supply Voltage (Vpp) for the
'F326. On the 'F327, this pin is internally connected to Vpp.
GND 2 3 Ground.
RST/ D I/0 |Device Reset. Open-drain output of internal POR or VDD
monitor. An external source can initiate a system reset by
9 9 driving this pin low for at least 15 us. See Section 7.
C2CK D I/0 | Clock signal for the C2 Debug Interface.
P3.0/ D I/O |Port 3.0. See Section 11 for a complete description.
10 10
C2D D I/O | Bi-directional data signal for the C2 Debug Interface.
REGIN 7 7 Power |5 V Regulator Input. This pin is the input to the on-chip volt-
In age regulator.
VBUS Sense Input. This pin should be connected to the
VBUS 8 8 DIn |VBUS signal of a USB network. A 5 V signal on this pin indi-
cates a USB network connection.
D+ 3 4 DI/O |USB D+.
D- 4 5 D1/O |USBD-.
P0.0 1 2 D I/0O |Port 0.0. See Section 11 for a complete description.
PO.1 28 1 D I/O |Port 0.1. See Section 11 for a complete description.
P0.2 27 28 D I/0 |Port 0.2. See Section 11 for a complete description.
P0.3/ D I/0 |Port 0.3. See Section 11 for a complete description.
26 27
XTAL2 D In |External Clock Input. See Section 10 for a complete
description.
P0.4 25 26 D I/0O |Port 0.4. See Section 11 for a complete description.
P0.5 24 25 D I/O |Port 0.5. See Section 11 for a complete description.
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