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Description 

This device consists of four UART ports, eight level shifters and 16 general purpose outputs with an SPI bus 
interface. A microcontroller can communicate with UART peripherals and drive the 16 output ports through the SPI 
serial bus. A block diagram is shown in Figure 1. 

  

 

Figure 1:  Design Block Diagram 

Features 

 SPI Slave operates in CPOL=0 and CPHA=0 mode 

 SPI to GPIO port expansion 

 SPI to UART expander 

 16 I/O port for the SPI bus 

 4 UART transceiver for the SPI bus 

 Compatible with most microcontrollers 

 1.8V to 3.3V voltage level-translation 

 8 I/O port pair for voltage level-translation 
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Pin Description 

 

Pin Direction Description 

clk_sys Input System clock 

rst_n Input System reset, active low 

cs_n Input Chip select, active low 

sclk Input SPI interface clock 

mosi Input SPI serial data from master to slave 

miso Output SPI serial data from slave to master 

data_out_GPIO(15:0) Output 16-bit output expansion port 

uart_tx(3:0) Output UART transmit data 

uart_rx(3:0) Input UART receive data 

rts_n(3:0) Output nRTS, active low 

cts_n(3:0) Input nCTS, active low 

level_shift_in(7:0) Input 8-bit level shift input port 

level_shift_out(7:0) Output 8-bit level shift output port 

 

SPI to GPIO operation  

There is the SPI MOSI frame structure for GPIO expander: 

 

The DIN15 is the function control bit. When DIN15(FUNC) = 0, the follow 4 bits (A3,A2,A1,A0) are the address bits 
of the data_out_gpio ports. From DIN7 to DIN0 bits in the frame are the data to output ports. The data_out_gpio 
port that selected by address bits will output the 8 bits data that stored in the SPI frame from DIN7 to DIN0 serially. 

The data on MISO line is not the valid data when the SPI MOSI frame is the GPIO frame. SPI master should discard 
the data on the MISO line in this situation. 

SPI to UART expander operation 

There are the SPI frames for SPI_UART expander: 

 

MOSI Frame – Config Write (M1M0 = 11) 

 

MOSI Frame – Data Write (M1M0 = 10) 

 

MISO Frame – Data Read (M1M0 = 00) 

DIN15 DIN14 DIN13 DIN12 DIN11 DIN10 DIN9 DIN8 DIN7 DIN6 DIN5 DIN4 DIN3 DIN2 DIN1 DIN0 

FUNC=0 A3 A2 A1 A0 X X X D D D D D D D D 

DIN15 DIN14 DIN13 DIN12 DIN11 DIN10 DIN9 DIN8 DIN7 DIN6 DIN5 DIN4 DIN3 DIN2 DIN1 DIN0 

FUNC=1 X X A1 A0 M1 M0 X X PT PE L1 L0 B2 B1 B0 

DIN15 DIN14 DIN13 DIN12 DIN11 DIN10 DIN9 DIN8 DIN7 DIN6 DIN5 DIN4 DIN3 DIN2 DIN1 DIN0 

FUNC=1 X X A1 A0 M1 M0 X D7 D6 D5 D4 D3 D2 D1 D0 

DO15 DO14 DO13 DO12 DO11 DO10 DO9 DO8 DO7 DO6 DO5 DO4 DO3 DO2 DO1 DO0 

X X X X X X PER BER D7 D6 D5 D4 D3 D2 D1 D0 

DO15 DO14 DO13 DO12 DO11 DO10 DO9 DO8 DO7 DO6 DO5 DO4 DO3 DO2 DO1 DO0 

X X X X X CTS RTS RXBSY TXBSY PER BER WFULL REMPTY PE L1 L0 
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MISO Frame – Status Read (M1M0 = 01) 

MOSI Frame Configuration 

Function Selection 

Func Description 
1 UART Mode 
0 GPIO Mode 

 

Address Selection 

A3,a2,A1,A0 Description 
0000-1111 GPIO Address 0 - 15 
xx00-xx11 UART Address 0 - 3 

 

UART Mode 

M1,M0 Description 
00 reads UART register/FIFO  
01 reads UART status register 
10 writes UART register/FIFO 
11 writes UART configuration register 

 

Parity Control 

Bits Description 
PE = 1 Enable Parity 
PE = 0 Disable Parity 
PT = 1 Odd Parity 
PT = 0 Even Parity 

 

Data Length 

L1,L0 Description 
00 5-bit 
01 6-bit 
10 7-bit 
11 8-bit 

 

Baud Rate (based on 4 MHz system clock frequency) 

B2,B1,B0 Description 
000 115.2K 
001 57.6K 
010 38.4K 
011 19.2K 
100 9600 
101 4800 
110 2400 
111 1200 

 

The last 8 bits in the MOSI frame contain the data byte to be written to the slave’s output UART device. In read 
mode, the first 6 bits on the MISO data frame are invalid and are discarded. The following 10 bits contain the input 
data byte that the slave received on a selected UART port. 
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Level-Shift operation 

The level shifter is the level translation block. The lower voltage I/O group will use pins in one I/O bank of the device, 
and the other voltage I/O group will use pins in another I/O bank of the device. These two I/O banks will support 
different I/O voltage standards.  Also these two I/O groups can communicate each other. 

Resource utilization 

 

 

Revision History 

Version Date Description 
1.0 31-DEC-2008 Initial release. 

Disclaimer 

SILICONBLUE TECHNOLOGIES PROVIDES THIS APPLICATION NOTE TO YOU “AS-IS”.  ALL 
WARRANTIES, REPRESENTATIONS, OR GUARANTEES OF ANY KIND (WHETHER EXPRESS, IMPLIED, OR 
STATUTORY) INCLUDING, WITHOUT LIMITATION, WARRANTIES OF MERCHANTABILITY, NON-
INFRINGEMENT, OR FITNESS FOR A PARTICULAR PURPOSE, ARE SPECIFICALLY DISCLAIMED. 

LIMITATION OF LIABILITY:  SUBJECT TO APPLICABLE LAWS:  (1) IN NO EVENT WILL SILICONBLUE 
TECHNOLOGIES OR ITS LICENSORS BE LIABLE FOR ANY LOSS OF DATA, LOST PROFITS, COST OF 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, OR FOR ANY SPECIAL, INCIDENTAL, 
CONSEQUENTIAL OR INDIRECT DAMAGES ARISING FROM THE USE OR IMPLEMENTATION OF THE 
APPLICATION NOTE, IN WHOLE OR IN PART, HOWEVER CAUSED AND UNDER ANY THEORY OF 
LIABILITY; (2) THIS LIMITATION WILL APPLY EVEN IF SILICONBLUE TECHNOLOGIES HAS BEEN 
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES; (3) THIS LIMITATION SHALL APPLY 
NOTWITHSTANDING THE FAILURE OF THE ESSENTIAL PURPOSE OF ANY LIMITED REMEDIES HEREIN. 
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FFs 667 
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