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Folding ADC Tutorial

Introduction:

The folding ADC employs folding techniques to redube number of comparators in
Flash ADC. This tutorial will illustrate the basiperation of folding ADC in LTSpice
using ideal components.

Basic Oper ation:

The basic idea of Folding ADC comes from Sub-ragdior Two-step) ADC, which is
aiming to reduce the amount of comparators anthéstin Flash ADC while maintaining
relatively higher conversion rate (speed) of thealdg-to-Digital converter. The
operation of an N-bit folding ADC is depicted ingkre 1. From the diagram, we can see
that the input signaVi, is fed into Coarse ADC and Folder separately. Aiss noticed
that there are two options for implementing the glarand-hold block, one of which is
placing sample-and-hold right after the input slgarad feeding the sampled input signal
into Coarse ADC and Folder separately and the athéwilding the sample-and-hold
block inside the Coarse ADC block and Folder bldokthis tutorial, the latter method is
used.
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Figure 1: N-bit folding ADC

Then the task for Coarse ADC is to convert the trgdgnal into digital output®y.; ...,
D ne2+1, D n2, Which are the Most Significant Bits (MSBs) foettotal digital outputs by
assuming the same number of MSBs with Least Swamifi Bits (LSBs). In spice
simulation, the algorithm used in Coarse ADC isedasn pipeline ADC, which will be
detailed later.

The same sampled input signal is also fed intofdlser block and obviously the fine
ADC will give us the LSBs of the total digital outis. \What the folder does is folding the
input signal into 2 which is shown in Figure 2 (also the same amotint1$Bs and
LSBs is assumed). From the figure, we know LSB$ val determined by the fine ADC
based on which folding region the input signaldesiin.
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Figure2: Transfer curvefor 2-bit folder

About the timing issue, since coarse and fine AR@s operating in parallel rather in
series, there are less latency issues for Foldin§@ Aompared to pipeline ADC or other
types of ADCs.

Implementation in L T Spice

In spice simulationVpp of 5V will be used, and theNcy would be 2.5V. A clock
frequency is chosen as 100 MHz. Ideal componentis bgi used in this session to
simplify the design and increase simulation sp&xtk important issue for folding ADC
is synchronization of coarse ADC and fine ADC, aniderwise glitches may appear on
the reconstruction output signal.

In this session, both top-level blocks and low-lesab-blocked schematics will be
described in great detail in order to give readéetier insight into the functionality of
the folding ADC. Also, to make the simulations manederstandable, a 4-bit folding
ADC, which is composed of 2-bit coarse ADC and 2finie ADC, is first developed to
demonstrate the basic operation of folding ADC.Tbased on the understanding of 4-
bit folding ADC, a higher resolution (8-bit) foldgnADC is built to provide with better
resolution.

A. Top Level simulation files

sim_4bit.asc: The operation of a 4-bit folding ADC is shown instfile. The input Vi,)

is chosen to be linearly increasing for 5 microoset changing from OV to 5V. The
outputVoum has resolution of 2-bit, whilg,: has 4-bit resolution. What folder does can
be seen by probing g which is folding input signal into 4 regions. Ndteat the
folder output does not bounce aroing;, but we can achieve this by multiplying,q by
the folding factor 4.

sim_8hit.asc: The operation of an 8-bit folding ADC is shown histfile. The inputis
also chosen to linearly change from OV to 5V. Tlféedence from previous one is its
higher resolution, simply 8-bit, which means mommnplicated implementation of all
blocks for the folding ADC. The input signal then folded into 16 regions, andqq
multiplied by 16 is bouncing aroundy.



sim_8hit_sine.asc: This file simply shows the operation of an 8-bitdiag ADC with
input signal being sinusoidal waveform. The frequyeof the sinusoidal input signal is
selected as 1MHz, and the simulation period is tttesen to be 2 micro second which
generates two periods of input signal.

B. Sub-block schematic files
B1. Coarse ADC Sub-blocks

2 hit_coase ADC.asc: This sub-circuit shows the structure of the coak8#C and is
used insim_4bit.asc. Since we are using the idea of pipeline ADC,itipait signal is first
fed into first comparator, which is ADCbit blockathwill be described shortly, and is
compared td/pp/2 to either subtradfcy (Vin > Vop/2) or nothing Vin < Vpp/2). ThenD3

is obtained and the residue is amplified by two padsed into the second comparator.
Similarly digital outputD, is achieved. Note thafcy is held for both comparators as
switching point since the output voltage is ametfby a factor of 2 varying in full range.

4 hit_coase ADC.asc: This sub-circuit shows the structure of the coak8¥C and is
used insim_8bit.asc andsim 8bit_sine.asc. Similar to the operation discussed in previous
file, the digital outputd; to Dscan be obtained. Note thdgy is held for each stage of
the pipeline ADC’s comparators as switching points the output voltage of each stage
is amplified by factor of 2 which gives a rail-tairvarying signal.

Sample _and_hold.asc: This sub-circuit shows the sample_and_hold cirbuwidt with
switch capacitor implementation using ideal swikch&he value of clock signal is
compared to the switching poiMip,, which isVpp/2, and therefore, for clock signal
being low the switch S1 is turned on and the inputampled, while for clock signal
being high the switch S2 is turned on and the dutplue is held. Note that the input and
output buffer are modeled using ideal op-amp.

ADChit.asc: This sub-circuit shows the single bit circuit fapgline ADC. Vcy is the
switching point for the comparator, and dependipgruthe value oBitout, which is
eitherVpp (Vin > Vbp/2) or 0 ¥in < Vbp/2), 2(Vin- Vem) WhenBitout is Vpp or 2V, when
Bitout is O will be passed to next stage.

B2. DAC Sub-blocksfor Signal Reconstruction of M SBs

ideal 2 bit dac.asc: This sub-circuit shows the structure of the idedlit2DAC. Each
digital input is compare®yp, which isVpp/2, andBiL (i=0,1) can be obtained. Then we
can the analog output by simply combining thesehimary-weighted voltages. Note that
Vone IS Set to be 1, so that means Bik is digital value, and to accomplish the conversion
from digital to analog the combination of digitahlwe with binary-weighted will be
multiplied by 1 LSB.



Ideal_4 bit DAC.asc: This sub-circuit shows the structure of the ideabit4DAC.
Similar to the operation discussed in previous, filkee digital output; to D4 can be
obtained.

B3. Folder Sub-blocks

2bit_Folding_ADC.asc: This sub-circuit shows the structure of the 2-bitding ADC.
The function of this block is to fold the input s into 4 regions and then use the fine
ADC to get LSBs. The details about how folder am@ fADC work will be left to the
following descriptions of each individual block. &lsample_and_hold block is put out
there to get the sampled input signal. In addittbe,reference for the fine ADC is set to
be Vpp/4 because the folding signal varies between 0V \&iad4. Note that the signals
Regl~ Reg4 are used to help fine ADC determine which regianftiiding signal resides
in, which will be detailed in the fine ADC block.

2bit folder.asc, Folder ADChit.asc: These sub-circuits are constructed to realize the
functionality of the 2-bit folder. To describe thetmgether is due to the concern of
description’s consistency and ensuring better wstdeding of the folder. Basically,
sampled input is fed into each Folder_ADCbit blodk. Folder_ADCDbit block, to
determine if the input signal reside in this folglimegion YVt <Vin<Vinu), two
comparators’ outputs are used by setting theirchwig points asvry. and Vqpy. If
V1L <Vin<Vran, Bitoutl will be Vpp andBitout2 will be 0V, which are the maximum and
minimum of each comparator’'s output, so we can @mphe value of 1.1 times their
difference, which isBitout, to Vryy to testify if input signal is in this region. Iif does, S3
will be closed, and otherwise S4 will be on, angbahote that factor 1.1 is selected to
avoid contention state fdfryy beingVpp. The signaN, is used to control which signal
is output of the folder when input signal is instfiolding region, eitheVi, or Vryy-Vin.
Ve IS chosen as OV for the odd numbered folders @raldand 3) since we wa¥ii, to be
output, while as 1\Ipp for even numbered folders (Folder 2 and 4) siigg-Vin is the
desired output. Note that there can be only orgirfglregion the folding signal resides in,
so by adding up all the folder’s output we get tbieling signalViq4.. In addition, the
signals Regl ~ Reg4, whichBstout in Folder_ADCDbit block, will be passed to the fine
ADC to help digitize the folding sign&kog.

2 hit_fine ADC L SB.asc, 2bit PG.asc: This sub-circuit shows the structure of the 2-bit
fine ADC which determines the LSBs. With foldingisal V.4 being the input INSH of
this block; it is fed into . Note that is no long&yp/2, but rather 8/ find/2 Which is half
the new reference for fine ADC with value\&4§p/8 for 2-bit fine ADC. Using the

pipeline ADC to determine folding signal’s digiddes and its complementary codes,
we need to decide whether to pass out its origligglal codes or complementary ones
with the assistance &gl ~ Reg4 coming from the folder block. In 2bit_PG block, we
can see if the input signal resides in the firghad region, the original codé€xl org
andBO0_org will be passed to the outpBi andBO, otherwise the complementary codes
B1i andBOi will be passed.



4bit Folding ADC.asc, 4bit_folder.asc, 4 _hit_fine ADC_L SB.asc, 4bit PG.asc: The
same analysis can be applied, and the only difeeras that the number of blocks
increases.

B4. Analog Signal Reconstruction Sub-blocks

4 bit_register.asc, 8_bit_register.asc, DFF.asc: These sub-circuits show the structure of
the 4-bit and 8-bit registers implemented with DpfHlop.

Ideal_4 bit DAC.asc, Ideal 8 hit DAC.asc: These sub-circuits show the structure of
the ideal 4-bit and 8-bit DAC. Similar to the opéra discussed in the previous file
Ideal _2 hit DAC.asc, the digital output®3; ~ Dgor D7 ~ Do can be obtained.

Conclusion:

This tutorial is aiming to illustrate the basic ogéon of the folding ADC. The folding
ADC adopts the idea of sub-ranging (or two-step)CABy getting MSBs from a coarse
ADC and LSBs from a fine ADC. A simple 4-bit foldjpPADC was built in LTSpice and
function of each block is documented in great di¢deprovide insights into folding ADC.

In addition, to demonstrate how higher resolutioidihg ADC can be implemented
using the same structure, an 8-bit folding ADC wasdt. All the simulations files are
provided for readers to play with and hopefully ga¢ idea of how the folding ADC
operates.
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