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Fig. 1. (a) ESD(electrostatic discharge) simulation model for a
TMR(tunneling magnetoresistance) sample which is connected with
standard human body model. (b) TMR junction structure and junction
model with a capacitor and resistors.
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Fig. 2. (a) TMR junction model with resistors and capacitors of leads
and junctions. (b) PSpice schematics (200 um X200 um cell) with
HBM model and descriptions of each parts of TMR (resistance in £
(ohm) and capacitance in F (farad)).



ke 248 249 Zolg 0.5mm, A% 2ume] F
g wdeR 3GE W, R=RoXL/Wel tigg 27} 8 Qo]
o oA B dpexe ALY Helg fdl R3¢ R7E
10Q2 =2 3l Al 9%, ollE =49 HE A=
(contact pad)®] AAEHE P/K] QAEZ o] AYzidd
F oy aARAEY ol 107 fFum? Fgolunz vfg- 2}
[8]. WA & AelAe ol2igt AES 18t 0.05 pF&
tidste] AAsES =3 HE 159 AgL dFHES
TMo= ARBSHE 1um CMOS AZXFZAM SAd 5%
Z¥e] HE) 23 Ado] 2 QY-S (8] FIE W wj§ e
e THEE o2 AR5 gl vist JiE o ¢
2R gl 1 Qo2 ARSI el el AW ¢4
T &4 2do] QlEd s sl o £us #F
sl Hlago N M AAS A= MRS A3
2 & 90 pFe2 AASITHTI.

a2ja AR AlEY] AR SEEAE Yol ¢
B}l Keithley 236 source measure unitS ©]-83}{th. =4
e FYS sl ol e sk HRE 54
sl Ae=E UnbAHR) gl AFAY SEEHE S
AHal= WS Hsid).

v}

O

I, a2t 8 nE

Fig. 3(ay= Fig. 2(b)ellA HbdS EAsl= A RSE
AzE AlHA SAE Zell Wt 53kQeE sk A
Sto] AH8FE 45 HIAA Vigu©l Nl Vs TESE
Aoltk. 74 Vipue Fig. 2(b)2IA1 Vygy probe pointol]
A AR Aol FA7ioA HREE AgS vt 1
3 Ve HBM A&HE Ay} TMR Al Q7=le A
%S uls Vg probe poinellA] AR Zlejot. o] 2
oA 4] FH8ao] Aol wEt HBM el ti3liA
AAZ TMR Al#o) tsle o] Folrle e B
T At

Fig. 3 FdHE To3l= A3 R7F oBs
Vien®l O8] Ve & 23 Aot} &7lox A
ke AT R57F 50 Qo2 Fopx Hitel PHLL 4
o] Z7ef & A flo] Al dEle W] wi$- A
< = 5 9ok

Fig. 4= %] BALH €49 Wslol we} Vyggy v
Vo B89 HEE A9E Aol =3 HPS Tk
2g}e] wislel]l M= Vygy tHHl Ve BIZ7F A2 &t
2o)o] PeAT AdEdtt. 1 Ax AlHY] FHPH B
o] Zold A9 AL = A Ayt AAL, A
Aggko] 7HA43IES v HBM AYtHH] TMR AR <17}

e}
A5
o)
£ 5

3-=2}1718}38) ] Volume 12, Number 5, October 2002

20 i

\ “X¥=01pF | junctionRS=53Kn
Viam Junction —A— 10pF |Top and bottom lead R=10Q
15—\ Capacirance—+~— 20pF

C4 —O— 100pF
—O— 250pF
—o—1000pF

Viur, Viem [V]
=)

4] 8.2 04 0.6 0.8 1.0
Time [us]
(a)
20 T
N\ = 0.1pF Junction RS =50 @
v Junction —*— 10PF | Top and bottom lead R = 10 @
o Capacirance—+— 20pF
C4  —0— 100pF
—A— 250pF
—0—1000pF]

Vrmr, View [V]
= &

I N
GL‘XA-&-O Al G \'\

0 0.2 04 0.6 0.8 1.0

Time [us]
(b)
Fig. 3. Vygpm and voltage applied to TMR sample (Vo) versus time
(parameter: junction capacitance C4). (a) Discharge characteristics
when junction resistance was 5.3 k€2 (b) Discharge characteristics
when junction resistance was 50 Q.
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Fig. 4. VTMR/VHBM versus junction capacitance C4 (parameter :
junction resistance RS).
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Fig. 5. Vypu and voltage applied to TMR sample (V) versus time
(parameter: junction resistance RS (cell size:200 pum X200 pmy)). (a)
Discharge characteristics when junction capacitance was 90 pF. (b)
Discharge characteristics when junction capacitance was 1 pF.
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Electrostatic discharge simulation of tunneling magnetoresistance devices
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Electrostatic discharge characteristics were studied by connecting human body model (HBM) with tunneling magnetoresistance
(TMR) device in this research. TMR samples were converted into electrical equivalent circuit with HBM and it was simulated utilizing
PSPICE. Discharge characteristics were observed by changing the component values of the junction model in this equivalent circuit.
The results show that resistance and capacitance of the TMR junction were determinative components that dominate the sensitivity of
the electrostatic discharge(ESD). Reducing the resistance of the junction area and lead line is more profitable to increase the recording
density rather than increasing the capacitance to improve the endurance for ESD events. Endurance at DC state was performed by
checking breakdown and failure voltages for applied DC voltage. HBM voltage that a TMR device could endure was estimated when
the DC failure voltage was regarded as the HBM failure voltage.

Key words : TMR, MRAM, ESD, Electrostatic discharge, HBM, Endurance, Reliability.



