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Abstract: Microcontrollers and microprocessors link to peripheral devices 

(sensors, converters, transceivers, memory modules) via communication interfaces. 

One of the most widespread interfaces is the Serial Peripheral Interface (SPI), 

characterized by simplicity, energy efficiency, and high-speed performance. The 

purpose of the study was to design an SPI bus Slave device based on uncommitted 

logic arrays technology. Uncommitted logic arrays are integrated circuit 

technology that is intermediate between full-custom integrated circuits and 

programmable logic devices in terms of power consumption, dimensions, 

development, and manufacturing cost. The SPI Slave device was designed using 

the computer-aided design system Kovcheg dedicated to the chosen technology. 

Layout synthesis using Kovcheg can be executed based on a circuit developed 

with a built-in graphics editor or based on structural descriptions in the Verilog 

hardware description language. A technique of digital device design using 

Kovcheg based on behavioral descriptions is proposed to optimize the design 

process. The SPI Slave device was manufactured, and experimental results of the 

fabricated microchip agree well with simulation results. The device is able to work 

properly at clock frequency up to 5 MHz. Tests of speed performance, interference 

resistance, and ability to operate at different voltage levels were carried out. 

Attained results imply that the proposed device can function as an SPI Slave unit 

to communicate control devices with embedded peripherals. 
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1Scientific Research Laboratory of Functional Nanomaterial Technology, Southern Federal University, Taganrog, 
Russia, sinyukin@sfedu.ru, https://orcid.org/0000-0003-0496-0087; 

 dema@sfedu.ru, https://orcid.org/0000-0001-5044-7482; 
 isaevaas@sfedu.ru, https://orcid.org/0000-0002-5145-0963;  
 inkots@sfedu.ru, https://orcid.org/0000-0002-1257-7304 
2Engineering Center of Radio and Microelectronics Devices Design, Southern Federal University, Taganrog, 
Russia, avkovalev@sfedu.ru, https://orcid.org/0000-0003-0545-7416 

Colour versions of the one or more of the figures in this paper are available online at https://sjee.ftn.kg.ac.rs 

©Creative Common License CC BY-NC-ND 



A.S. Sinyukin, M.A. Denisenko, A.S. Isaeva, I.N. Kots, A.V. Kovalev 

2 

1 Introduction 

Serial Peripheral Interface (SPI) [1] is a commonly used means for wired 

synchronous serial data communication within short distances. At the same time, 

SPI is not strictly standardized [2], which, along with its popularity, leads to a 

wide variety of protocols and implementations. The interface ensures data 

transmission between integrated circuits and embedded systems. This interface is 

able to control sensors of different types, data converters, memory modules, 

displays, integrated transceivers, and other devices. 

Application-specific integrated circuits (ASICs) can be divided into three 

categories: full-custom integrated circuits (ICs), field-programmable gate arrays 

(FPGAs), and semi-custom-designed microcircuits based on uncommitted logic 

arrays (ULAs). FPGAs have a set of advantages: short development cycle, 

reproducibility, and versatility, but their energy consumption and dimensions are 

higher compared to other microcircuit types. Full-custom integrated circuits are 

flexible, reliable, have high performance, have a small footprint, and have low 

cost in the case of large-scale production; however, they require the highest 

expenses for development (therefore, the fabrication of small batches is not 

economically reasonable) and require precise fabrication equipment and adjusted 

technological processes. ULA microchips are in an intermediate position: time 

expended on development and manufacture is comparable with FPGA, and they 

are close to custom ICs in terms of energy consumption, reliability, and resistance 

to harmful effects [3]. 

In the case of full-custom ICs, fabricating a particular design requires wafers 

to go through all processing steps under the control of a full set of lithographic 

photomasks, all of which are made to order for this very design, and mask 

manufacturing is a dominant contribution to nonrecurring fabrication costs. But 

in semi-custom ICs such as ULA, only a small subset of fabrication layers is 

unique to each design. Customization starts from preprocessed wafers that 

include large quantities of prefabricated but largely uncommitted primitive items 

such as transistors or logic gates. These wafers then undergo a few more 

processing steps during which those primitives get interconnected such as to 

complete the electrical and logic circuitry required for a particular design. Due to 

the small number of design-specific photomasks and processing steps, semi-

custom manufacturing significantly reduces the nonrecurring costs as well as 

design and fabrication time [4]. In summary, for large-scale manufacture, the 

most cost-effective route remains an uncommitted logic array or a fully custom-

designed IC, whereas the complexity of FPGAs often turns out redundant [5]. 

A comparison of key performance metrics of SPI designed using ULA 

technology and full-custom IC processes is presented in Table 1. It can be seen 

from the table that with the development of technology, feature size and supply 

voltage of the devices decrease, so footprint and power consumption decrease, 
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respectively. Since the feature size of full-custom IC processes roughly 

corresponds to the used ULA technology (e.g., 0.5 μm and 1.6 μm), consumed 

power for these devices is approximately of the same magnitude, but it is obvious 

that with technological advancement, power consumption will be reduced. 

Table 1 

Comparison of ULA and full-custom ICs. 

 Proposed 

device 
[6] [7] [8] 

Power, mW 155.8 60 19 1.9 

Area, mm2 17.1 0.48 0.45 0.27 

Frequency, MHz 5 1 1 100 

Supply, V 5 5 1.8 1.1 

Technology 
ULA 1.6 μm 

BCD 

0.5 μm 
CMOS 0.18 μm 

CMOS 

40 nm 

 

Power is one of the most challenging metrics to compare [9], and it is more 

complicated to directly compare the power consumption between devices 

implemented using ULA and FPGA in terms of the relative low prevalence of the 

former in the literature. But power consumption seems to be one of the most 

important issues separating FPGA and ASIC designs [9] and one of the most 

important limiting factors for FPGA [10]. FPGA power consumption is from 10 

to 50 times greater than ASICs, and the ratio increases with the lowering of circuit 

complexity [9, 10]. The same applies to footprint: according to [9], the ratio of 

silicon area required to implement circuits in FPGAs and ASICs is on average 

from 20 to 40 depending on the circuit complexity. Addressing the modern 

FPGAs, using which some SPI devices have been implemented ([2, 11, 12]), the 

sizes of the smallest FPGAs of Altera Cyclone IV, Cyclone V, and Xilinx 

ZedBoard Zynq-7000 device families are not less than 120 mm2, which is almost 

by an order of magnitude more than the proposed ULA design. Speed 

performance of SPI based on ULA is comparable with devices implemented 

using full-custom ICs (except advanced nanosized processes), as it can be seen 

from Table 1, whereas clock frequency of SPIs realized using FPGAs can vary 

from 0.5 MHz [12] to 100 MHz [2]. But the minimum internal frequency of 

FPGAs is usually several times higher, thus the fractional frequency module is 

required to step down the speed of the clock [12, 13], which raises power 

consumption. 

In research [14], an SPI bus is developed using finite-state machines in the 

Verilog language, and an FPGA is chosen as the hardware platform for 

implementation. An IP core realizing the SPI protocol to provide intra-chip 

interconnections in systems-on-the-chip is proposed in [15]. In paper [6], a 

current-mode operating SPI as a part of an integrated circuit for battery voltage 
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monitoring of electric vehicles is presented. A configuration of a daisy-chain bus 

between a microcontroller and cascadable microcircuits for voltage monitoring is 

formed using the presented interface, which allows one to considerably reduce 

the number of input-output ports required for the microcontroller. Advanced SPI 

allowing the conversion of serially transmitted data to data transmitted in a 

parallel way and which is able to interact with peripheral devices working at 

different supply voltage levels is designed in [16]. Interface is characterized by 

the possibility to operate at high frequencies (up to 55 MHz) and in a wide 

temperature range. In [17], the SPI module is presented as a component of a flash 

analog-to-digital converter (ADC) developed using the 180 nm CMOS process 

to provide interaction of the ADC with microcontrollers. Reconfigurable SPI to 

ensure interaction between the digital baseband processor and wideband 

radiofrequency transceiver is developed in [11]. IP-core software of this SPI is 

realized in VHDL language, and hardware is implemented via FPGA for 

compliance of synchronization conditions and to control the transceiver in a real-

time mode. SPI implementation on FPGA is proposed in work [13] too, in which 

three interfaces, SPI, I2C, and RS-232, are analyzed and realized in Verilog 

language, and as combined they form a multifunctional series communication 

interface adapting depending on application conditions. Another design of a 

multiprotocol conversion module by which communication and data conversion 

across SPI, I2C, and UART interfaces can be carried out is described in work 

[18]. In work [19], an SPI-to-I2C protocol communication approach is presented. 

It is described in Verilog language and is relevant for applications in which a 

control device needs to interact with many peripheral devices; thus, the possibility 

to quickly transmit commands and data from the controller to selected peripheral 

devices (advantage of SPI) and, meanwhile, there is a need to reduce the number 

of specialized pins of peripheral devices (advantage of the two-wire I2C 

interface) is required. In paper [12], improved UART and SPI protocols are 

realized on FPGA instead of a single-chip microcontroller with a modified RISC 

core for improving speed performance and providing scalability in Internet of 

Things nodes. Tests showed that speed performance of the SPI Slave almost 

doubled due to implementation on FPGA. As well as an SPI Slave device is 

implemented in work [7], where it is incorporated into a digital control core 

designed using a 40 nm CMOS process. In research [20], a distributed genetic 

algorithm is proposed for usage in inexpensive low-power embedded devices like 

8-bit microcontrollers and SPI buses. SPI is preferred to I2C and UART since 

SPI is simpler to implement, faster, and consumes less power due to the absence 

of load resistors, which are common for I2C. A controller of the SPI Slave bus 

implemented on FPGA for performance and efficiency tests is developed in [2]. 

In this research, the usage of combinational pipeline data processing based on 

separate preliminary and subsequent addressing allows one to mitigate 

synchronization requirements substantially. In paper [21], during an SPI unit 
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design using the 130 nm CMOS process, a Relative Timing method has been 

used, enabling simple integration into computer-aided design (CAD) flow and 

allowing the reduction of the footprint and consumed power of developing digital 

systems in cases when peripheral devices stay inactive for a long time. 

Verification of the three-wired SPI protocol presented in [8] is performed through 

both FPGA and custom IC: the Slave is implemented on the custom microcircuit 

while the Master is reconstructed via FPGA. 

It is seen from literature analysis that modern SPI research and development 

results are implemented either using FPGA or in the form of full-custom 

microcircuits. In this work, an SPI Slave device based on uncommitted logic 

arrays is proposed. This allows achieving small size, reliability, and low energy 

consumption on the one hand and reducing design and fabrication costs on the 

other hand. 

2 Device Development 

Serial Peripheral Interface functions in full-duplex mode between one Master 

device and one or several Slave device(s). The SPI bus can be configured in three-

wired or four-wired variants. A typical four-wired SPI bus, as shown in Fig. 1, is 

defined by four logic signals, which designations can be distinct in different 

sources [22]: SCLK is serial clock, generated by Master; DIN (data input) is data 

transmitted from Master to Slave; SDO (serial data output) is data transmitted 

from Slave to Master; CNV (conversion) is a signal from the Master device to 

start data conversion with a particular Slave device. 

SCLK SCLK

DIN DIN

SDO SDO

CNV CNV

SPI Master SPI Slave

 

Fig. 1 – SPI bus structure with one Master device  

(SPI Master) and one Slave device (SPI Slave). 

 

For data transmission between Master and Slave, shift registers are used. 

Each SPI register usually consists of eight bits (although there are cases of more 

bits being used), including bits for control, state monitoring, and other commands 

that regulate all device functions. Data are transmitted while the Master generates 

a clock signal, and the CNV signal is active (most often, the active level of the 

signal is a low level). A flowchart of the developed device operation is presented 

in Fig. 2. 
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Development of SPI Slave in this work was performed using a CAD 

Kovcheg V3.042 dedicated to designing large-scale integration circuits of the 

ULA type [3]. Kovcheg CAD allows one to perform a full design cycle from logic 

project to preparing the integrated circuit for production. The first step after 

choosing a particular ULA process and corresponding package is circuit diagram 

design. Descriptions of electronic circuits are often written in hardware 

description languages such as Verilog or VHDL using behavioral style due to 

their convenience and versatility. 

Is rst equal to 1?

Is CNV equal to 1?

Rising edge of SCLK?

Assign to an inner Transmit 
register Slave data value

Set the SDO signal to high 
impedance state

Assign to a least significant 
bit of inner Shift register 
current value of DIN and 

shift other bits

Assign to Master data an inner 
Receive register value

Assign to a least significant 
bit of inner Transmit 

register 0 value and shift 
other bits

Increase the Counter by 1
Assign to SDO signal value 
of a most significant bit of 

inner Transmit register

Assign to the inner 
Transmit register Slave 

data value

Set a SDO signal to high 
impedance state

Nullify an inner Shift 
register and a Counter

Is the Counter equal to 0?

Assign to the inner Receive 
register the inner Shift register 

value

Data input

Yes

No

No

Yes

Yes

No

Yes

No

 

Fig. 2 – Flowchart of designed SPI Slave operation. 

 

In the proposed work, SPI module operation was initially described in 

Verilog using behavioral description, which was structured in compliance with 

the flowchart in Fig. 2. In the first part of the description, inputs (1-bit rst, 1-bit 
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SCLK, 1-bit CNV, 1-bit DIN, and 8-bit Slave data), outputs (1-bit SDO and 8-bit 

Master data), and inner registers (8-bit Transmit register, 8-bit Receive register, 

8-bit Shift register, and 3-bit Counter) are designated. Then continuous 

assignment is applied to constantly renewed Master data output. After that, three 

clock-controlled procedural blocks describing sequential logic are presented. The 

first one shifts the inner Shift and Transmit registers (the former one is shifted by 

DIN input) and increases a Counter value by one while CNV is enabled (low 

level). In the case of an active reset, nullification of the Counter and the inner 

Shift register as well as assigning the Slave data value to the Transmit register are 

executed in the first block. The second block is used to define the value of the 

series output SDO based on the value of the Transmit register’s most significant 

bit while CNV is active and reset is inactive. And the third block interacts with 

inner registers to provide value (equal to the value of the Shift and Receive 

registers) for the parallel outputs of Master data when the Counter counts to eight 

(23) and takes zero value on the next clock pulse. 

There are two ways to create a circuit in Kovcheg using the intrinsic library 

of electrical components and logic cells: graphically or in the form of a structural 

description. However, there is no feature set in Kovcheg for circuit synthesis 

based on behavioral descriptions. For this reason, a technique for digital 

integrated microcircuits design in the Kovcheg system using behavioral 

descriptions in hardware description languages has been developed. According 

to this technique, a composed behavioral description should be firstly uploaded 

to the design system, which allows for the conversion of behavioral descriptions 

to structural ones and for simulating them. Examples of such design systems are 

the Vivado Design Suite [23] application software package, which is applied to 

FPGA design, or the Genus Synthesis digital implementation module from 

Cadence [24], which was used in this work. Alternative free and open-source 

logic synthesis tools such as Yosys [25] could be used as well. It should be noted 

that neither Genus nor Vivado are suited to design the integrated circuits of ULA 

type, while Kovcheg is dedicated CAD, and though its scope of applicability is 

narrow, Kovcheg is almost a unique software tool for these tasks. 

Structural descriptions synthesized using Genus included five types of logic 

cells: inverters, two-input NAND and NOR cells, D-latches with an active rising 

edge of the clock, and tristate buffers. In the Kovcheg system, accurate functional 

analogues from the intrinsic library were manually fitted for these cells. 

Corresponding cells in structural description were replaced by these analogues; 

e.g., inverter cells from structural description synthesized in Genus were replaced 

by inverter cells from the Kovcheg library, preserving the relative position of 

devices and their nodes in the circuit. In other words, the names of all cells and 

their nodes were replaced with corresponding ones from Kovcheg, but the whole 

circuit structure stayed the same. Besides that, digital input and output cells with 

controlling drivers were added to the synthesized circuit description. 
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There was a challenge during synthesis, or, more precisely, translation of 

structural descriptions from Genus to Kovcheg, related to signal propagation. 

Every logic cell in the Kovcheg library has specific fan-out capability; e.g., two-

input NAND and NOR cells have this capability equal to 3, and the fan-out 

capability of a simple D-latch is 5 for true output. It means it could not be more 

than the corresponding value (3, 5, etc.) of other cells connected to the output of 

this cell in the circuit. But fan-out capability for cells in the Genus library exceeds 

the capability of corresponding cells in Kovcheg, and cases occurred when cells 

in Kovcheg had more cells at output than it was acceptable. That problem was 

solved by adding in parallel the same cells with common inputs to relieve outputs. 

Results of behavioral description simulation using Genus Synthesis have 

been compared with simulation results of structural description synthesized using 

Genus and then with simulation results of structural description formed in 

Kovcheg software (Fig. 3). All simulation results functionally correspond to each 

other (it was considered that different process design kits were used in 

simulations). 

 

Fig. 3 – Waveforms of SPI Slave unit operation simulated using Kovcheg  

software (and redrawn using WaveDrom software for better visualization). 

 

The purpose of the SPI Slave device is to transmit commands from the 

Master device to the peripheral and to transmit data from the peripheral to the 

Master. In our case, the command from the Master is expressed as a DIN 

sequence of pulses, and Master data is auxiliary output of the Slave for storing 

this command. The data from peripherals are described as Slave data, and the 

Master input to transmit this data is SDO. As it can be seen from Fig. 3, the series 
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data 100101102 at the DIN input are equal to the data at the parallel output Master 

data, while the parallel data 010100012 at the Slave data inputs are equal to the 

data at the series output SDO; therefore, the device operates as intended. 

Simulation results show that layout delays were not greater than acceptable 

values at clock frequency fsclk = 10 MHz. According to experiments, the highest 

clock frequency at which the device operates correctly is 5 MHz, and simulation 

results attained using Kovcheg are shown in Fig. 3. After circuit synthesis and 

verification, further SPI module design processes were performed according to 

design flow. At the stage of microcircuit pin arrangement, the pins were manually 

distributed between four sides of the previously chosen package. The next stages, 

namely layout synthesis, layout optimization, layout control, and delay analysis, 

were executed automatically. The final step was design validation. The validation 

is starting from the simulation of minimum acceptable, nominal, and maximum 

acceptable values set of transistors transconductance, layout delays, temperature, 

and supply voltage. Thus, complete enumeration was performed. The details for 

test parameter values are listed in Table 2. The layout delays were determined by 

the resistivity of polysilicon buses. 

Table 2 

Validation tests in Kovcheg CAD. 

Parameter Minimum Nominal Maximum Unit 

Supply voltage 4.5 5 5.5 V 

Temperature –60 20 120 °C 

PMOS transconductance 9.6 12.0 14.4 μA/V 

NMOS transconductance 20.0 25.0 30.0 μA/V 

Polysilicon resistance 432 540 648 Ω 

 

Eventually all 243 tests were accomplished without errors. The CMOS 

1.6 μm process was used, and the chip area is 17.1 mm2 (3.8 mm × 4.5 mm). The 

layout and the photomicrograph of the designed chip are depicted in Fig. 4a and 

Fig. 4b, respectively, where interconnected transistors could be seen as light 

green (Fig. 4a) and light grey (Fig. 4b) areas in the middle of the picture. Forty-

two pads are distributed on the edges. 

3 Measurements Results 

A test batch of microcircuits has been manufactured at the Scientific-

Manufacturing Complex ‘Technological Centre’ under the Multi-Project Wafer 

(MPW) program [26]. The fabricated microcircuit implementing the SPI Slave 

device was placed on a printed circuit board (PCB, Fig. 4c), and tests of its 

functional performance were carried out. 
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(a) 

 

(b) 

 
 

 
(c)                                                                              (d) 

Fig. 4 – Designed microcircuit: (a) Layout; (b) Photomicrograph;  

(c) PCB with mounted microcircuit; (d) Block diagram of the test setup. 

 

Tests included checking of data transmission consistency from Master to 

Slave and from Slave to Master, checking of device speed performance, checking 

of device capability to retain data integrity under noise influence, and supply 

voltage changing within acceptable limits. The measurements were performed 

using a high-frequency signal oscillator AKIP-3417/2, a waveform generator 

AKIP-3418/1, a digital oscilloscope AKIP-4134/A, and a logic analyzer 

DreamSourceLab DSLogic U3Pro16. The block diagram of the test setup is 

presented in Fig. 4d. Slave data was set through voltage supply (logical ones) and 

ground potential (logical zeros). 
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The test of data transmission consistency aimed to check the operation 

validity of the SPI bus Slave device. A criterion for proper implementation of the 

input data transmission function is accurate correspondence of an 8-bit number 

serially transmitted from Master through the DIN port and a number written to a 

special 8-bit Master data register of Slave at the end of each transmission cycle. 

A criterion for proper implementation of the output data transmission function is 

accurate correspondence of an 8-bit number written to a special 8-bit register 

Slave data of Slave and a number serially transmitted to the Master through the 

SDO port. Results of microcircuit tests with input signals equivalent to signals 

shown in Fig. 3 in terms of frequency, pulse width, and bit sequences are shown 

in Fig. 5. 

SCLK

rst

CNV (Enable)

DIN

master_data[7]

master_data[6]

master_data[5]

master_data[4]

master_data[3]

master_data[2]

master_data[1]

master_data[0]

SDO

 

Fig. 5 – Results of SPI Slave device tests, attained with a logic analyzer  

and visualized using DSView software (clock frequency 5 MHz). 

 

As seen from Fig. 5, measurement results agree exactly with simulation 

results (Fig. 3). After the reset command (rst) and setting logic zero on the inverse 

CNV input, an 8-bit number 010100012 (chosen for illustrative purposes and not 

shown in Fig. 5) is set on the parallel Slave data inputs, and an 8-bit number 

100101102 (also chosen for illustrative purposes and set through the waveform 

generator and EasyWave software) is set on the DIN input. The number 

010100012 from Slave data inputs is converted to serial form and transmitted to 

the SDO output (the lowest signal in Fig. 5) with accordance to the clock signal 

and considering delays. SDO signal appears as a sequence of high and low 

voltage levels. After completion of the transmission and setting the CNV signal 

at logic one, the number 100101102, which is also the sequence of pulses in the 

diagram, serially transmitted from the DIN input, appears on the parallel Master 

data outputs. Comparing diagrams in Fig. 3 (simulation) and Fig. 5 

(measurements), it can be seen that output signals are the same as input signals 
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(in relation to pulse sequences and frequency), i.e., with DIN = 100101102 and 

Slave data = 010100012 at the inputs, there are 100101102 and 010100012 at the 

Master data and SDO outputs, respectively. 

Results of the microcircuit measurements at clock frequencies of 5 MHz and 

750 kHz using the oscilloscope are shown in Fig. 6a and Fig. 6b, respectively. In 

the case of a maximum-reached frequency equal to 5 MHz, signals are deformed. 

That is why waveforms for fsclk = 750 kHz are additionally presented, where 

signals form are well-shaped. For better visualization, waveforms in Fig. 6 are 

biased vertically, and the amplitude of each of them is approximately 5 V. As 

seen from Fig. 6, attained results coincide with the results of the simulation and 

results of the device test using a logic analyzer, and these results verify the proper 

operation of the proposed device. 

The speed performance tests of the developed SPI Slave device aimed to 

identify a maximum clock frequency value at which the device operates correctly. 

Measurements were carried out in the same way as in the previous case, but at 

the same time, frequencies of clock (SCLK) and DIN signals were varied 

proportionally. The clock frequency range was from 0.5 to 10 MHz. It is found 

that the device operates correctly at clock frequency up to 5 MHz, but at clock 

frequency equal to 7.5 MHz, bit sequences arriving to outputs do not correspond 

to combinations set on inputs (presumably signal latency occurs). The fails at the 

frequency higher than 5 MHz could be invoked by imperfections of wire 

connections between the chip and measurement equipment, crosstalk, or 

consequences of applying the proposed approach of translating the Verilog code 

since the structural description has been originally synthesized for another 

technological process. 

The noise resistance test aimed to check the correctness of the SPI Slave 

operation at signals with different interference level settings on the inputs. For 

noise resistance examination, additional noises were added to the DIN signal 

formed using EasyWave software. The noises were defined in the form of 

amplitude spikes (spike magnitude for different cases varied in the range of 0-4% 

and 0-10% of voltage supply) for each nth voltage value in the defined pulse 

sequence (cases with n = 25 and n = 50 were investigated), considering that the 

defined digital signal of special form includes 16,384 voltage values, which is 

standard for the control software. 

This DIN signal of special form with added noise described using EasyWave 

is shown in Fig. 7. Logical one is equal to 5 V here, and logical zero is equal to 

0, but each 25th value of the digital voltage signal amongst 16,384 distinct values 

is higher or lower than 5 V in the case of logical one and higher than 0 in the case 

of logical zero by value from 0 to 0.5 V (10% of voltage supply) randomly, what 

is supposed to be noise imitation. The clock frequency in the case shown in Fig. 7 

was fsclk = 1 MHz. Results showed that with such noise levels, the microcircuit 



Implementation of Serial Peripheral Interface Slave Device Based on Uncommitted… 

13 

continues to correctly operate, and bit combinations on the Master data outputs 

correspond to combinations set on DIN. 

SCLK CNV DIN

 

(a) 

SCLK CNV DIN SDO

 

(b) 

Fig. 6 – Results of the SPI operation tests (green - SCLK; cyan - CNV;  

yellow - DIN; magenta - SDO): (a) fsclk = 5 MHz; (b) fsclk = 750 kHz. 

 

The voltage supply alteration test aimed to check the correctness of SPI Slave 

operation under changing supply voltage applied to the VCC port. For that 

purpose, the supply voltage from a voltage source was varied in the range from 

4.5 to 5.5 V at measurements (±10% of typical value VCC = 5 V). According to 

attained results, voltage changing within acceptable limits does not cause any data 

transmission errors. This conclusion results from the lack of discrepancy between 

input (DIN, Slave data) and output (Master data, SDO) signals, i.e., binary codes 

are not biased by one or some digits after transmission. 
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Fig. 7 − Adding noises to special form signal (DIN) with  

amplitude in range 0-10% of voltage supply and n = 25. 
 

4 Conclusion 

The module of one of the most widely accepted data transmission interfaces 

was implemented as an integrated circuit based on uncommitted logic arrays 

technology. For this purpose, the technique of behavioral descriptions integrated 

into the computer-aided design system Kovcheg, intended for microcircuits 

design based on uncommitted logic arrays, was developed and evaluated. The 

designed SPI Slave device is able to convert serial code from the Master device 

into parallel code and vice versa - parallel code from peripheral devices into 

sequential code. The ULA chip occupies an area of 17.1 mm2. The fabricated 

microcircuit was tested, and the tests showed that the limit clock frequency at 

which the microcircuit operates properly is 5 MHz. The microcircuit successfully 

passed tests for noise resistance and operates in the defined supply voltage range 

correctly. 
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