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Spintronic With the scaling down of transistor dimensions, power consumption and static power
Approximate Computing have become fundamental challenges. Numerous solutions have been proposed to
M1y enhance efficiency, including FinFET technology, spintronic devices such as

Power consumption
Image Processing
Multiplier

Magnetic Tunnel Junctions (MTJs), and approximate computing. FinFET mitigates
scaling issues through improved channel control, while spintronic devices offer
advantages such as non-volatility and compatibility. Approximate computing also
achieves significant improvements in power, delay, and area parameters by reducing
precision. This paper introduces two low-power spintronic/FinFET approximate 4:2
compressors for in-memory computing. Simulations performed with HSPICE in a 7-
nm technology node using the SHE-MTJ model demonstrate that the proposed
designs drastically reduce energy consumption and the number of elements
(transistors and MTJs). Compared to the exact design, the first and second
compressors exhibit 31% and 65% reduction in power, 18% and 4% reduction in
read delay, and 53% and 59% reduction in transistor count, respectively. The
accuracy of the compressors was evaluated using mean error distance (MED) and
error probability (EP) metrics, and their performance in image processing
applications was verified using MATLAB. The results confirm the high competence
of these designs for image processing applications.
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2. Cooling and packaging costs

oS b pogay o LB Sdg iSUl Loy 5l eslatal (5ee 059 el
hlog sbrae olss oalply ool il (2l cus 4 O Lsl e )
anie g plaebl Coll wling joe Job )0 (oo (U AT S xS
DT csloas Joy ool ol e @ )ls T i 5 (sjlosas
Ol 0 &5 Sggl sloalls yzmen culus lasp)l5 yo illy ol
bl ©ljygpo 5l (Ysb jes 5 ol Ol Srae Vb pliebl Co LB

1. Internet of Things

| * Corresponding author E-mail: b_hadian@ssau.ac.ir



VPeF 3l doyloid (o9 090 (219 Suig sl g § 3 (owiiten 5o (99 S P93

05,05 15 ool 590 ] Conel il (55,

Pl 9 G iy -V
abadl> oS gex alex ;) Sslie MTI/CMOS gyl sl oo
s sl 7] 5 (0] wloass ) (gouaie SV o F2Y (slajgm puaS
6oL bz « MTI/ICMOS Sesg il slal e o MTT Jobos cl>
4 CMOS (gla g 315 sl il 5L 9550 (b2 el sl ool 5L
Shlae (Bras g g Coluwe ioldl 4 e a5 Al ol53l S5 ol
5 0 Sy i
FO 525 4 CMOS (slo gy 515 ol (2005 w0l Ly &S 2 09Mle
Sl e n e b 4ty 4ty 5 0l 5 Ol (JB Sl el jegls
5 ey il s bt ajge e a5 aiile 1ol JUIS
oo B 5 oley ialial el Sl epl el snt N TEDS sla el sl
sloygian il AAL 5 [V] sgi e Jloa) cdl> 5l gims 3l aasein
&l 00l 5 yae MOSFET (5,5l (satauls o35l olsze 4FinFET
g loads JUS (g9, » oS JyuS mlidl el FINFET la g 5l 5
ale> 5l 0o 3! MOSFET (sl g 3l 5,5 a5 oS JUIS &l 31
ko (oo 0 B Ce o gledl g Elo Jal> (00,0 Jawg s alS
Gloygia il 50 Mt anelde ;0 &5 placysgazme Kool ailes S
el e St easdee azlse o L MOSFET
ool Lol Lice a8 el V7 s 515 ainy Bl calb b LT o 5pees
Al s a4 5 el D] g Iy el Ja] asl oo ailin 5ty ol s
adl ol oad )by FINFET  (glbajgies il 5 slotioy b jlons
5 bl slcwglie 5 bl alex 5l WSiw L FinFET

dasie 4 4>g b wgzg onl b DY cal axlge 50 Liole Sogs
0590l ol a5 lad pay Ctle dvgy jshies § cuslie (Sliwlg iSUl

5 0 0 0 FINFET (5,5l 51 (55900 slaails 5 conl onds 5,
Jiezms glajlas (b slp (o085 Slawbre (g 5l esliul 0394l

d,:_‘i.) LgLQf""‘l)ﬁi'” JLo.C‘ L )Lu LQ\))J)[S)‘ g5>}")‘> ] 00 O\)):;.Amf )L...“J

10. Short channel effect

11. Drain Induced Barrier Lowering
12. Velocity saturation

13. Hot carrier

14. Scaling

15. Process Variation

16. Random dopant

17. Self-heating
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1. Complementary metal-oxide—semiconductor

2. Magnetic tunnel junction (MTJ)

3. Logic in memory(LIM)

4. Fin Field-Effect Transistor

5. Spin Hall Effect Magnetic Tunnel Junction (SHE MTJ)
6. Error Rate (ER)

7. Mean Error Distance (MED)

8. Sharpening

9. Image multiplication
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