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Fig. 1. Structure diagram of the N-well resistor: (a) An N-
well resistor located in a memory peripheral circuit, rnw3 in
the figure represents a three terminal N-well resistor; (b) the
three-dimensional structure of N well resistor.
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Fig. 2. The diagram of N well resistor TCAD model: (a) Two-

dimension model; (b) three-dimension model.
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Fig. 3. The output current versus the input voltage of the

N-well resistor.
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Table 1. The comparison of calculated resistance values

in this paper and results in Ref. [11].
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2.5 17.14 18.21 17.06
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10.0 4.29 3.91 3.81
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Table 2.  Detailed parameters used in TCAD models.
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Fig. 4. Ion-induced transient current in the three-dimen-
sional model of N-well resistor under different output

voltage.

%3 AR EEET, EE T N BB = 4R
A RS LR S AL

Table 3. Detailed parameters of ion-induced transient
current in three-dimension model under different output

voltage.
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Fig. 5. When output voltage of model is 3.3 V, the space charge distribution in N well resistor at : (a ) 0 ns; (b) 0.1 ns; (c) 0.6 ns;

(d) 5 ns.
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Fig. 6. The distribution of transverse electric field in N well structure at depth of 2 pm location: (a) Output voltage is 3.3 V;

(b) output voltage is 0 V.
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Fig. 7. When output voltage is 0 V, the distribution of electron velocity in N well structure at: (a) 0 ns, (b) 0.1 ns, (c) 0.6 ns,
(d) 5 ns, (e) 15 ns and (f) 30 ns moment.
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Fig. 8. When output voltage is 0 V, the change of space charge region in N well structure at (a) 0 ns, (b) 0.1 ns, (c ) 0.6 ns,
(d) 5 ns, (e) 15 ns, (f) 30 ns moment.

8% 1| A Bt Té%ﬁ%ﬁﬁovﬁ33v
Bk, NI E B g SR A5 LB, R A
—HZ A H@%?&Eﬁﬁ&%ﬂﬁ&mﬁ?iﬁﬂﬁﬁ
1502 8], S R 0 V& N B e BE X Bk T
ROV SOl B TAEARAS, BRI U, 9 1S P 66 v o
T2 M1 T o F BH 37 BR800 1) 5% i B K. LA,
24— A [ (A R REL 2 A LI, i A i L [T
S A1 LT it it 1) R R S B B R A
TLERE 0. B P R L B RS, H BEL AR R A Y
JES SN i o =N e NS 2 (S T N
IR ZE R AL AT LA BR800 6 T
P78 FEL I A N I L REL 7™ £ 14 5 T B K

4 B P R TR N SR S

M\ _ER N B H BH A Bk 2500 DL AT LA
HETE N B BE A i i bk b 5 N BFHLBE
Y JUART ROST | FL S R B L A o 8 F g o 1Y 2%
TR S A B UIAROC, DR T R AE — 4k
B 3 X 2 R RS HL U 5 B AR
AR | BB LET (H AR | 2 F RF A
A R R T TS, IR T — 2R
L2502, AT v Y
HEREEN 0 V, ik N B BHAN TH% S TAESH
THATIE.

4.1 NGB EIE
HETWAR A ERE T N B -

Liofis (c) N ffith

Space charge/cm~—3
3.000 x 1016
7.448 X 1014
1.848 x 1013

(f) #n —8.562x 1010

—2.193 x1013

—8.837x 1014

—3.560x 1016

) 0 ns; (b) 0.1 ns; (¢) 0.6 ns; (d) 5 ns; (e) 15 ns ; (f) 30 ns

ES T 1 e X VA W R s AL L BRI 2 TR R B Y S 4
LSRR ). & 4 ) R RSO Y SOK e
B N B R B 2 T A ) A A A B
YT AN R 4, 8, 16, 20 pm HILLE A
SHE] N B B A A5 20 5 Bk BES R AN A 9
Jrn. ML 9 RTN, BB I AL B AT A
Uity w2 A O R A PR TR W (EDER A | K bR A
[ B . 2 DR Ay s R B F -2 O R A A
Uity , i A Vi FEL I 0T N2 ) 1 5 e DX /)N D
El 8(d) Hr Ak i R A FE S 2 AR /)N, N OB RE
Y BEBTER /) | A L AR . (R 7 3 R 2 1
WeE i v, M R RS R B RN | T AL B R R
& AR R 2 K SRR, AEE B TR
S | T2 o i A (L 7 NG Y O [ ATV I E R L S
PR | RS LI AR K v [ 4

1.2F —0— Lpg =4 pm
Lip PO, —0— Ly =8 pm
' B 4 Lpy=12 um
a8

7 @H v Lpig =16 pm
&~ Ly =20 pm

1.0
0.9
0.8

U /mA

0.7

0.6 |

0.5

0.4 ’ ) ) )

10-2 10-1 100 10! 102
H$18) /ns

&9 H B AR E A S N B e BE ™ A 09 Sk IDE
A HI

Fig. 9. Single event transient current in N-well resistor gen-
erated by ion from different incident locations.
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Fig. 10. Single event transient current in N-well resistor

generated by ions with different LET values.
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Fig. 11. Normalization single event transient current gener-
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Abstract

In this paper, the single event effect of N-well resistor is simulated by using the technology computer aided
design (TCAD) software. The results indicate that a single heavy ion incident into the N-well resistor will make
a disturbance in the output current of the device. The working mechanism of the N-well resistor and the
physical mechanism introduced by the single event effect are studied. The results show that ion-induced
electron-hole pairs neutralize the depletion region in the N-well substance that provides high impedance for the
device, resulting in the instantaneous increase of the output current. The larger the destroyed area of the
depletion region in the N-well resistor, the higher the peak value of the transient output current is. But the ion-
induced disturbance can disappear with the collection of the high concentration of excess carriers in the N-well
structure. However, the unique aspect ratio design of the N-well resistor makes only the carriers close to the
input drift to output under the electric field. And, the drift motion of carriers takes a lot of time because of the
long transport distance, which leads to low efficiency of collecting excess carriers and a long duration of ion-
induced disturbance in the N-well resistor. Besides, some other factors that can affect the single event effect in
the N-well resistors are also studied in this paper. The results show that the higher the LET value of ions and
the farther the incident location from the input, the more serious the single event effect of N-well resistance is.
In addition, properly shortening the length of the N-well resistor and increasing the input voltage of the N-well

resistor can enhance its resistance to single event effect.
Keywords: N-well resistor, space charge, single event effect, transient currrent
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