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LAYOUT DESIGN OF 4-BIT RIPPLE CARRY ADDER BASED
ON PASS TRANSISTOR LOGIC

Abstract. The full adder is a key element of any arithmetic logic units used in microprocessor sys-
tems. For microprocessor components created for modern mobile digital devices, compact layout
design on the silicone chip is of great importance. In this paper an area effective layout design
on the chip is proposed for 4-bit ripple carry adder based on pass transistor logic. The full adder
is simulated using EDA tool and output signal waveforms are obtained to demonstrate the func-
tionality of the design. It is shown that 1-bit full adder based on pass transistor logic and com-
posed of two 3T XOR gates and one 2T multiplexer allows us to obtain area effective layout de-
sign on the chip for 4-bit ripple carry adder providing acceptable characteristics for output sig-
nals.
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Introduction. Arithmetic operations are considered as most important
data conversions in digital signal processing systems. That is why the arith-
metic logic unit (ALU) is the fundamental element of any microprocessor. The
main building block of ALU is the full adder which realizes a set of basic
arithmetic operations, such as addition, subtraction, multiplication and divi-
sion. The performance for the whole computer system strictly depends on the
efficiency of arithmetic operation executed by the full adder.

Increasing demands for portable computer systems such as cellular
phones and laptops create serious challenges for designers in the area of very
large scale integration (VLSI) systems. Low power consumption, high speed,
small surface area on the silicon chip and high reliability become very impor-
tant factors for combinational logic devices designed for VLSI circuits. Thus, a
huge number of research projects are devoted to the design of VLSI circuit
components based on different logic techniques to satisfy those contradictory
requirements.
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Conventional CMOS full adder design is based on complementary
PMOS pull-up transistor and NMOS pull-down transistor networks [1,2]. The
main advantages of conventional CMOS full adder are minimal power dissipa-
tion, full output swing, high noise margin and reliability especially at low
voltages. However this design requires 28 transistors which occupy large area
on the silicon chip and suffers from high consumption of power, weak output
driving capability due to series connected transistors and large delay of signal
propagation. That is why a large number of different designs have been con-
structed up to now for the full adder to strengthen advantages and reduce
drawbacks.

The advanced full adder can be designed based on different types of
logics. Gate Diffusion Input (GDI) logic [3] has PMOS and NMOS transistors
connected to additional inputs instead of voltage source and ground which
gives more flexible design and reduces power consumption. Transmission
Gate (TG) logic [4] relies on connected in parallel PMOS and NMOS transistors
to gates of which complementary signals are applied. This design makes it
possible to reduce signal delay but remains high power consumption with
weak driving capability. Complementary Pass Transistor Logic (CPL) [5] ap-
plies only NMOS transistors for logic operations with high mobility, but each
signal is carried by two wires in complementary form. CPL design suffers from
high threshold voltage drop for NMOS transistor design at low voltages. A
modified version of CPL — Double Pass Transistor Logic (DPL) uses both PMOS
and NMOS transistors for switching high and low logic signals with full output
swing [6]. This allows us to reduce threshold voltage drop and power con-
sumption. Pass Transistor Logic (PTL) family uses much fewer transistors then
conventional CMOS logic, occupies less area on the chip, requires less power
and runs faster.

For all types of logic there is the common aim to make a combinational
device implementation on the chip as compact as possible. That is why the re-
duction in the number of transistors is critical for full adder designs based on
any logic technique. But for really area effective full adder, a compact layout
design on the silicone chip is of great importance. This paper is devoted to the
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layout design of a compact 4-bit ripple carry adder which consists of 8T 1-bit
full adders based on pass transistor logic.

Full Adder Schematic Design. The design is based on classical im-
plementation of two XOR gates for sum output calculation and a multiplexer
for carry output obtaining as shown in Fig. 1. Using pass transistor logic it is
possible to reduce the number of transistors to eight. Fig. 2 demonstrates

schematic level representations of 3T XOR gate and 2T multiplexer applied to

the design.
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Figure 1 — Gate level of full adder design
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Figure 2 — Transistor representations for 3T XOR gate (a)
and 2T multiplexer (b)

The reduction of transistor count for pass transistor logic should be
paid by the voltage drop for output signals. Shown in Fig. 2(a) 3T XOR gate
design is an inverter modified with PMOS pass transistor M3. With high logic
level at input X1 this inverter works as a common CMOS inverter for the sig-
nal at X0 input. Low logic level at X1 leads the inverter to the state with high
impedance. In such a case output Y should get the same logic value as at input
X0 due to open PMOS pass transistor M3. But if at input X0 is high logic level
while at input X1 is low logic level, some voltage degradation is observed at
48
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output Y due to threshold drop when signal passes transistor M3. To minimize
the output voltage degradation, the W/L ratio of transistor M3 has to be in-
creased and the same ratio of transistor M2 should be decreased. Similar volt-
age degradation problem occurs for the multiplexer shown in Fig. 2(b) when
input X0 is fed by low logic level signal.

Full Adder Layout Design. The layout of 4-bit full adder is designed
to obtain an area efficient topology on the silicone chip using an electronic
computer-aided design tool. The schematic design of all full adder compo-
nents has been performed to tune parameters of the transistors (W/L ratio).
Then the layout design has been carried out to reach as compact topology as
possible fully satisfied to design rules accepted for a chosen technology level.
Layout versus schematic check (LVS) has also been performed. Waveforms of
signals at ports have been simulated at every stage of the design.

The results of the layout design for 3T XOR gate and 2T multiplexer
along with corresponding waveforms are demonstrated in Fig. 3 and Fig. 4.
There is some voltage drop observed at waveforms of output signals when the
high logic level signal runs across the pass transistor with the inverter net-
work being in high impedance state.
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Figure 3 — XOR gate layout (a) and waveform view (b)
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Figure 4 — Multiplexer layout (a) and waveform view (b)

Fig. 5 demonstrates the results of the layout design and simulation for
1-bit full adder comprises two 3T XOR gates and one 2T multiplexer con-
nected in correspondence with the logic level network shown in Fig. 1.
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Figure 5 — 1-bit full adder layout (a) and waveform view (b)

The layout design and simulation results for 4-bit ripple carry adder
are shown in Fig. 6. The adder consists of four 1-bit full adders series con-
nected through Cin and Cout outputs. A ripple carry adder produces a rather
large delay of signal but due to very simple network organization it is advan-
tageous for VLSI with compact topology. Fig. 6(a) demonstrates the area ef-
fective layout design with one layer of metallization. Total area occupied by 4-

bit adder on the silicone chip has dimensions of 192x208A.
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Figure 6 — 4-bit full adder layout (a) and waveform view (b)

The simulation results of 4-bit adder are demonstrated in Fig. 6(b) for
output ports only. The input ports are fed with the following bit sets:
A 0101 1011 0100 0010
B 1100 0111 1010 1101
Sum 0001 0010 1110 1111
Cout 1 1 0 0
As can be seen, there is some degradation of output logic signals due
to pass transistor threshold problem. The high level logic signal decreases by
the threshold voltage of the pass transistor and the low voltage level, on the
contrary, increases when the signal goes through this transistor. To eliminate
this problem, additional CMOS inverters can be inserted at output stages con-
necting the network to the sources and restoring logic level of signals. How-
ever, this improvement of the output waveforms must be paid by undesirable
increasing signal propagation delay, power consumption and chip area occu-
pied by the adder.
Conclusions. The pass transistor logic is now considered as a method
to radically decrease the number of transistors involving into combinational
device network. This results in decreasing power consumption, signal delay
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and surface area on the chip. But for really area effective design of VLSI de-
vice, accurate and compact layout design of the device on the silicone chip is
needed. This paper proposes a variant of compact layout design for 4-bit rip-
ple carry adder using 32 transistors and one metallization layer for intercon-
nects. The simulation results obtained as output signal waveforms demon-
strate the functionality of the adder. This confirms the possibility of using the
full adder designed in this paper as a key part of ALU for mobile devices.
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TononoziyHe npoekmysaHHA 4-6imHo20 cymamopa 3 nocni008HUM nepeHeceHHAM
Ha OCHOBT 1021KU HA NPOXIOHUX MPAH3UCMOPax

[losHuli cymamop € KIKYOBUM efleMeHmoM apugmMemuKo-a102T4HUX NpUCMPOis, W0 BUKO-
pUCMOBYIOMbLCA Y MIKPONPOUECOPHUX cucmemax. [ns KoMnoHeHmiB MiKponpouyecopis, SKi npu-
3HAYAMbCA ON1A CY4acHUX MOBIbHUX YUPPOBUX NPUCMPOiB, BeJIUKE 3HAYEHHA MAE UWINbHICMb
KOMNOHOBKU HA KpUCMani KpemHit. Y 0aHili cmammi nponoHyeEMbCA KOMNAKMHA Monosao2isa 0
4-6iImH020 Cymamopa 3 noCAi00BHUM nepeHeceHHAM HA OCHOBT JI02TKU HA NPOXIOHUX MpPaH3UC-
mopax. [losHuli cymamop MoOentoeEMbCS 3a 00NOMO20I0 THCMPYMeHMiB8 aBMOMAMU308AHO20
NpoeKMyBAaHHS, 3 00PKAHHAM 4acosux 01a2pam BUXIOHUX CU2HANIB, WO 0eMOHCMPYIOMb QYHK-
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YIOHA/IbHT MOXIUBOCMI CNPOEKMOBAHO20 Npucmpor. [10KA3aHO, W0 BUKOPUCMAHHA N02IKU HA
NpoXIOHUX MPAH3UCMOpPax npu NpPoeKkmysaHHi monosoeii 1-6imHo20 Nos8HO20 cymamopa, AKul
CKknadaemecs 3 080x n02iYHUX enemeHsmis XOR Ha mpbox mpaH3ucmopax 1 00H020 My/ibmunJiek-
copa Ha 0BOX MPaH3UCMopax, 00380JI5€ 00epPXamu KOMNAKMHUL 4-6imHuli cymamop 3 nocaioo-
BHUM nepeHeceHHAM i 3a6e3neqyumu npuliHAMHI XapaKkmepucmuKu BUXIOHUX CUSHAIB.
Tononozuyeckoe npoekmuposatue 4-6umHo2o0 cymmamopa
€ nocnedosamesibHbIM NePeHOCOM HA OCHOBE JI02UKU HA NPOXOOHbIX MPAH3UCmMopax

[onHell cymmamop ABAAEMCA KNOYeBbIM 37eMeHMOM apu@MemuKo-102u4ecKux ycm-
policms, UCnosb3yembix 8 MUKPONPOUECCOPHbIX cucmemax. [ns KoMnoHeHmMoB MUKponpoyecco-
P08, NPeOHA3HAYEHHbIX 01 COBPEMEHHbIX MOOUJIbHbIX LUPPOBbIX ycmpolicms, 60/blioe 3HaYe-
Hue umeem NJ0MHOCMb KOMNOHOBKU HA KpucmaJsie KpeMHus. B danHol cmamee npednazaemcs
KOMNAGKmHas monosaous 01a 4-6UmHo20 cyMMamopa ¢ nocnedosamesibHbIM NepeHoCcoM Ha oc-
HoBe JI02UKU HA NPOXOOHbIX mpaH3ucmopax. [lonHbil cymmamop modenupyemcs npu nomowu
UHCMpYMeHmo8 asmomamu3upoBaHHO20 NPOEKMUPOBAHUSA, C NOJy4YeHueM BpemeHHbIX oua-
2pamMm BbIXOOHbIX CU2HAI08 OEMOHCMPUPYIOWUX QYHKUUOHAILHOCMb NPOeKmupyemo2o ycmpodl-
cmsa. [loKa3aHo, YmMo UCNONb30BAHUE JIO2UKU HA NPOXOOHbIX MPAH3UCMOPAx npu Npoekmupo-
8aHuu monosoauu 1-6umHo20 NOJIHO20 CyMMAMopa, COCMOAWe20 U3 0BYX JI02UYECKUX 3/1eMeH-
mos XOR Ha mpex mpaH3ucmopax u 00H020 MybMUNAEKCOPA HA 0BYX MPAH3UCMOPAX, NO3BOSA-
em nosy4ums KOMNakmHsil 4-6umHsili cymmamop ¢ nocie0o8amesibHbIM NepeHocom U obecne-
4ums npuemiemble XapaKkmepucmuKuU B8bIXO0HbIX CU2HA/IOB.

I'nuieHko Anekcert BopucoBuu - 1oieHT Kadeapbl 371eKTPOHHBIX BBIUMC/IN -
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F'oHuapa.
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