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Introduction  
 

Simulation of dynamic characteristics of the signal 
sample and hold, folding and interpolating devices is 
presented in the literature [1–4]. In this work we will 
present the signal simulation results of the integrated 8 – 
bit ADC, in which the above mentioned signal 
transformation circuits are used.  

CMOS (0.35 µm) and SiGe 7–8 – bit folding– 
interpolating converters with the number of samples per 
second from 10 million to 2 milliard are considered in [5–
7]. Block schemes, static–dynamic parameters, frequency 
characteristics of separate blocks of converters and 
experimental research results are presented. The converter 
structure, circuitry solutions and interfaces between 
separate blocks of signal transformation and decryption are 
not revealed in the mentioned literature.  

The analysis of construction of the 8–bit 4 milliard 
samples per second converter and simulation results of 
dynamic characteristics are presented in this work.    

Analysis of construction of the sample and hold, folding 
and interpolating ADC  

The created functional scheme of the 8–bit ADC with 
signal transformation circuits is presented in Fig. 1. It 
consists of the sample and hold circuit SHC, 6 folding 
blocks F1–F6, the interpolation block IB, logic “exclusive 
or” element block XOR, the comparator block CB, the 
encryption block EN and signal delay blocks DB1–DB4. 
The basic electrical circuits of blocks were created and 
simulation of their characteristics was performed. 

The analog input signal passes to the sample and hold 
circuit SHC (Fig. 1). SHC is controlled by clock signals, 
which are matched with the comparator clock signals so 
that the signal samples are used for further processing 
when the signal does not vary. It allows avoiding the signal 
conversion distortion related to different delays in the 
signal and clock circuits of comparators. 

After SHC, the signal passes to the signal folding 
blocks F1 – F6, and also to the 4–bit parallel ADC. Thus, 
half of bits are processed by the parallel converter. 
Practically, it is much more important half of bits as they 

transmit information about higher bits of the signal, and 
the error of even one bit would cause an impermissibly 
large signal distortion. 
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Fig. 1. Diagram of the structure of the 8–bit folding and 
interpolating analog–to–digital converter 
 

Lower 4 bits are processed in the folding and 
interpolating blocks after which a much smaller number of 
comparators is needed than in the case of the parallel 
converter. 
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Fig. 2. Time diagrams of input and output signals of the 8–bit folding – interpolating ADC 
 

Both the 4–bit parallel comparator and the folding 
blocks (F1 – F6) are switched to the reference voltage 
formation circuit in a certain order.  

From folding blocks the signals pass to the 
interpolating circuit block and then together with signals of 
higher bits – to the decoding circuit blocks. The 8–bit 
binary signal is obtained in the decoder output.  

Simulation of characteristics of the folding – 
interpolating converter 

The main parameters of the simulated converter are 
presented in Table 1.  
 
Table 1. Parameters of the sample and hold, folding and 
interpolating ADC. 

Frequency of the converter analog sine signal  (0–100) MHz 
Number of binary bits 8 bits 
Frequency of the converter clock pulses 4 GHz 
Amplitude of the analog sine signal 1.6 V 
Supply voltage of the converter 3.3 V 
Folding coefficient 8 
Interpolation coefficient 6 
Minimal dimension of technology 
corresponding to the bipolar transistor model 
parameters  

0.5 µm 

 
Time diagrams of input and output signals of the 8–

bit folding – interpolating ADC are presented in Fig. 2. In the 
figure there are also presented: 

( )tuIN  is the simulated input signal, the frequency of 
which is 10 MHz; 

D0 – D7 are ADC digital outputs corresponding to 
the binary code, where D7 is the output of the highest bit, 
and D0 is the output of the lowest bit; 

( )tuODI
*  is „DAC imitation output“ – the signal 

simulated by the package P–Spice according to equations 
(1) and (2). 

For the simulation of the converter electric circuits by 
the program package P–Spice the parameters of the 0.5 µm 
technology bipolar transistor models were used. 

When simulating a full ADC system with sample and 
hold, folding and interpolation circuits, it is important to 
compare the input signal with the signal which was 
reproduced according to the output 8–bit binary code of 
the converter. For this purpose a digital–to–analog 
converter should be used. In this work we simulate the 
DAC function by the P–Spice package using an empirical 
equation (1):  

 
         ( ) ( ) ( ) ( ) ( )++++= tututututu DDDDODI 3210 842  

       ( ) ( ) ( ) ( )tutututu DDDD 7654 128643216 ++++ ,        (1) 
 

here ( )tuODI  is the DAC „imitation“ output voltage;      

0Du  – 7Du are the digital output voltages of the simulated 
ADC.  

In Fig. 2, alongside with the input sine signal the 
signal reproduced from the binary code D0–D7 is 
presented, which is calculated by the following empirical 
equation:   
 

                     ( ) ( )
0

*
32

U
tu

tu ODI
ODI −= ,                            (2) 

 

here 0U = 23,5 V. 
As it can be seen in Fig. 2, the analog signal 

reproduced from the ADC output binary code agrees well 
with the input sine signal. Pulse peaks in the reproduced 
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sine signal appear due to inaccuracies of compatibility of 
ADC delay circuits.  

By simulating the folding – interpolating ADC the 
time characteristics of output signals D0–D7 were also 
obtained at different input analog signal frequencies (5, 10, 
15, 20, 30, 40, 50, 100, 500, 1000 MHz). The time 
characteristics of the converter output signals at 10, 20, 
and 40 MHz are shown in Fig. 4–6.   

These characteristics show that the change range of 
the binary code 8–output signals is from 3.1 to 3.3 V at 
input signal frequencies up to fmax = 10 MHz. By further 
increasing the frequency, the pulse amplitudes of lowest 
bits decrease (Fig. 5, 6).    

Having analyzed time diagrams of the converter 
output signal, the dependence of the effective number of 
bits change on the frequency of the input analog signal was 
determined (Fig. 3).   
 

 
 
Fig. 3. Dependence of the effective number of bits (ENOB) on 
the input signal frequency f 
 

The characteristic in Fig. 3 shows that the effective 
number of bits of the created folding – interpolating 
converter is 8 bits at the input signal maximum frequency 
of 10 MHz. By increasing the input signal frequency, the 
number of effective bits decreases and the accuracy of 6 
bits is obtained at the input signal frequency of 50 MHz. 
The frequency can be improved by using transistor models 
of more advanced technology (SiGe or CMOS 0.35 µm) or 
by reducing the folding and interpolation coefficients.  
 

 
Fig. 4. ADCS output signals at the 10 MHz input frequency 

 
As it can be seen in Fig. 4, all eight digital output 

signals fit into the range from 3.1 to 3.3 V. By 
predetermining the understandable error of 10 % according 

to voltages, we still see that the error is not exceeded. 
Thus, the number of effective bits is equal to 8 bits. 

 

 
Fig. 5. ADC output signals at the 20 MHz input frequency 

 
 

 
Fig. 6. ADC output signals at the 40 MHz input frequency 

 
By simulating by computer with the Pentium 4 

processor, the clock frequency of which is 3 GHz and 
RAM of 1 GB, one cycle of the transient process 
simulation lasted about 8 hours when calculating a full 
input signal sinusoid (Fig. 2) and about 1 hour when 
calculating short time periods (Fig. 4–6). 
 
Conclusions 
 

The structure of the folding and interpolating analog–
to–digital converter was created, which includes the signal 
sample and hold, folding and interpolating circuits, the 
electric schemes of which are formed on the basis of 
bipolar silicon transistors.      

The methodology of simulating dynamic 
characteristics of the 8–bit binary converter was developed 
as well as dynamic characteristics of the converter with 
signal transformation circuits were simulated and 
parameters were investigated. 

It has been determined that the maximum number of 
bits per second of such a converter reaches 4·109, and the 
number of effective bits is 8 when the analog signal  
maximum frequency is 10 MHz. By increasing the analog 
signal frequency, the number of effective bits decreases 
and it is equal to 4 at 100 MHz. The analog signal 
maximum frequency of the folding – interpolating ADC 
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can be increased by reducing the folding and interpolating 
coefficients. The investigation has shown that when the 
interpolation coefficient is K = 4 and the folding 
coefficient is M = 3, the analog signal fmax for the 8–bit 
converter can be about 1 GHz. The converter speed would 
increase by improving parameters of the transistor models. 
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