3k EIW BT R EEH Vol. 13, No. 3

1991 4 5 A JOURNAL OF ELECTRONICS May, 1991

M [e] 53 PE & A E RS A R T
KISEIEBR5E
I W

(RENEREREPRFHER) (ERNFEFRER,LF)

N AR T WIE AP 5 (k% (Bidirectional Negative Resistance Transistor, f&j #R
BNRT) ZERk iR B PRBIARI . ERSERZGERX BNRT 5KiiR % & By
—BE AT T, LRERSHRER-BL FEXNBGEBRFEBRNIRT, DEERS
HFIA B E RO IR IR (R AL T BB AR,

KEE  CESEB ARSI KRG

L5l%

KA EAE (BNRT) BRRERPIN— T4, S EN ATk
BB, ARt RAE 1) IRKEFREEEN, HAak RS IVl g an
& 1(b) F11(c) Fr7R,

Ey

L)
1 BNRT # (a) a4 (b) MBERESH (o) M 252 B

BNRT RYBANMEH AR B, F1 B BASS &N IREMER, G OEHIR, EEEiming
EEGIES V,, HHENRBR E M E, ZA2IA S BARHMSE, b, HnTam
E, 0 E, ZIAIR R ERE T DIE #, TATEr R IR, RO SRR
VAT B A SR A LB AT T R B SE IR 9T, TSR BNE £ P S 1 0 B R 2 i e
RRRAERME IR, X THRAVIRIKEIR, %28 4F R E B h 0B A R Ik AT
TR ST, NI AE R T RS 4Es &S AR BN — %I R,

2. LU= RRFOIR Y
BaSH, BNRT RAME 2 FrRisim s iRz, SREENSEER: &

1989 £ 7 A 29 BIKE], 199045 F 16 B EBER.



328 G A - i 13 &

PreefE Vs 24 8—12V, SEHTHIE Is 4 20—500pA, FIFHE Ve <2/3Vs, B FHFH K
In 29 2—10mA, ERH XI5 BB Rs 2§ 10—15Q, RFHEK T 8 B I ey 25 20—50
mA,

Fi BNRT IO IHIRD B 3(a) PR, BB BRIFHEE Ve fd 1
Ry 2E,, FHBABEE AR R T— A 3(b) th P £, HHRE T 5k E:

Is<Is<I;<lIy

R, Is= Ve —Vs)/ Ry, Ii= (Vez — Vg)/Rg W, & 3(a) BBt AEESH =4
W, MR I R, REETRY MBI BE PN, X 9k 3% SRR Fnda H BB SE RO NG w] 220,

6'(- Vep
@ e sV
I ! G E2'z' @) e
E, c
Ipp|=— = =1 & Rg ! ‘
EM r
é 1/Rg & 1 T @
Iyl—— — —
| X
It — — L v )/ﬁﬂix
0 Vg YS V
E 2 BNRT gyERRLR E 3 (a) BNRT iR %
HORIEZRE) (b) HERNERARE

M 3(b) FILAE W, T TR0 A C HOMIA T R, 15 RAA CHBLE B i\
. HE BNRT-2C BEF, Vs= 114V, Vy= 54V, Ig=5mA, Is=50puA,H
Vee= 17V, C = 120pF, Ry = 15kQ, R, = 300Q, r = 5.1Q, FRIBEMZER 5 B
7 ¢ bR I 0 SR I, I 4 B ITR.

M 4 BT B L3S B S S R R B BAR, B L M A I B B4 e
Al Va /MBS TSI RIE Vs EASEN SaHSREE, mkTh, 84
FAE P (B ER IR SRR ), B2 € TS B T T 2 10 2 T s 7 R 22 e
SR E AR IR REE (Vs — Va). FIUZED AT MEE0E ik fei, SR s I
55 A PR 2R M TN B RO AE 5 B
3. A kRS R R RS

FRBRN A PR 22, 2 PR B B P T S o B B, 3 4 g o, 0 T e e S P 2
feiE, HTHEIEISE 3() Pk BNRT HKiiRgmE MR GEEISREEE, B
)P 7 D L R L s P SR R O L FE BB V7 (o) S SR R A LA $ (o) HOBDAS Bk B
GET IR /NEURER PR r EEORE V, = r « i(), FLUER i()), WA 5 Bk, REHR
TR 5 BT B A 0 0 U R R I DRI A, PR R SR R B A A IR e
BRRTE 6, MER LX&MS KB AI DR 4B, BC, CD, DE, EA B, SBREA



3 FIWESS: WA PR G R B AS R Z R SR B T 329

B4 WGBERFY E 5 ik
(Y:2V/H#g; X:0.5us/#8) Lhigk: mE(Y2V/Hg; X:10ns/ig)
FHizE: BW(Y:50mA/jk; X:10ns/#)

FRSEK, S (7] B PNPN GUIEBORS BT AR &, WX LB irm
T

(1) AB #  AB R BC BESR AKX, 3% K 3(2) Bkt ik i A &
1(c) fizt BNRT (U MIEahEs, iSRRI T AL, #& E ERFAM. B #IEWR,
W T, ShTFEETESR, T, E0THATATREIZEREEREM, RERIR
s ). 75 T, SEREEWMRE, T, LT RCRS, T ERRHEREXEARE
T, T T, Wi s (B B B, B)MERER, T EHER AW EN SN, T
ByEA T, SHEXNBRTES, B BREEOER M, 6 T FLEEAmiRE, &
REENMTE6 |t 4B B, XBEEHIBHERE, TEBRTRREHEEN T
M™, 7E5256 v U)X BT TRI {4y 100ps,

ot La
Veg V—’»C.[g_v_b
L 4L

.I_
~IpRig

E6 sashSREEE BT B R A L B

(2) BC & BC BRBEFESHARRNESEROAERE, BaESEIR
I A IS, B S R AN SRR K S BEY:, 7 BNRT KRG REH, X
EAEILR, SMERA CHERBRER, BH—H5E, BARERAFRFEAKRE
P NTTIERE T, 5 i S 5 AU R A A BE N, 24 SL AL i BE BRI 5 IR el SR RS T AR
by 23 ) E 26 B R AR L, ¥ B Rt B ) R O ZE AL, Th P B SRR IR BREE A B S
I RERN, BB BB S5 h ERIREIR/ANORE, TR RHIT AHEX
B, ZEEEANEHEAENSRESAEY, SR MUERE, LR EANE L
RN JE T 10ns,

(3) CD#%  CD B EFREcL R, B a ke R R FRRE
BERAE, B 3(a) mBs, SR A C ST 30pF I, WA BAHIR AR MEAEI—S0



330 HOF OB 2 2 o7 13 %

mA JEEH., HTSEBIMERNER, REGRFERBRRERRTFEE. XHEE
BN SMEI AR R Cr B8k, HMBRANRAEETRABSEESHENERE Cr it
BN, SRR EBROSREEME 7 iR, EF R RREBSRREEHEKER
Xt fE, RIEE S, THUEESH TEIRER:

Ve =V __ ¢4V ¢))
RE de
V- (1 — Cp -Z_V) Rs +Vp — IpRs 2
z
MDFI2) R, TIREL 1 2B RS R 51,
a 1 _ 15 )
de Ts Ts
A H, 75 = Re(C + Cp)/Rs(C + Cr), —% Re > Rs, A
7s &~ Rs(C + Cp) “4)
III)=VEE——VD+IDRS%VEE_VD_*—IDRSNI;J (5)
Ry + R; Rg
a5 1 18R I ) 24
Ie— I Ic — I;
T s In—2 a2 pg e |p 2—2H2 6
e =Ts nID_'l’D ’ nlu“‘l;i ©

(4) DE & DE RN NBHIRELE, E T S8 H KM R RER N B
bR REASE, ZEBRFBENE Trr TRHBRTFH A o RE, T o RETHHE
TZ. HTRALT BLHHREIEER, LRNE 7 < 30ns,

(5) E4 4 EABXNHHROBLRES, EXMEEE, B SFNRRENE
FRVB L RE R, RABRBNNE T, B TRHE:

Vegg —V Ve —V
Tegsa=RzCln — B2 ——E ~ ReCln —EE D 7
4 g VEE'—VA £ VEE'—‘VS ( )

LBER, Ve 5V, REIUT, Ve Vp~ 1V; V, USEHSHSHER B E &
Vs MHE,
1% Bh 23 HEHOBh A IR 224 i , BT DR 5 (8 320 H7 5k St 4R % 2% 1O R B (B3R, RS

R IS g s
= — 4
=0 238
. L ﬁmﬁ /A% g . A\
g " g - ° Wit
L X%/ 1 e
1 1 1 H 1 1] ! 1 [} ! 14 1 ] i
0 14 16 18 20 22 24 26 28 30 0 5 10 15 20 25 30 3 40 45
Vep(V) Rx(kQ)
(2) (b)

ES BRESMSRGMENRR
(2) Veg-f(Rg = 7.5k, C = 100pF, V= 11.4V Iy = 50pA,Vy = 5.4V,l4 = 5mA,Cp = 10pF)
(b) RE_f(VEE = ZOV, C = IOOPF, VS = 12V, Is = 70HA, VH = 6V, IH = 7.2mA, CF = IOPF)



34 B Wi RaESHSREFENERFTR 331

BRI R BTSN AR, B R kRS NEN B T,
T=Typ+Tac+Tep+ Tpr+Tps= Tcep+ Tia

= Rs(C + CF)IHIL_"‘_II’J + RECthE.E_—_VD (8)
g — Iy Ve — Vs

(8)REA, kMR G B, Ry F1 C 2EAUN, WGHERAE; £ R MCHE—FE
i, RGN R E I IE Vs BMINTRS, X— &R ERBILRIES. EXFT, Hs
BHT Ver-fs Re-f BT EERSXRER, “ERERE, AE—PERBHEMHR
G, BB SR NS W E T, BRERITRE Vs MR ERRR I TUREBE

2 % X B

[1] ZRE. AU EHMRE R, B THIR, 1984 4,58 4 M58 11214,

[2] Z=RE, k. Z2HAEHRL, B RFEIMR,5(1984)6,698—-701,

3] JEbE.tusEs, o FR2HAR,15(1985)5,4—7,

[4] BB FR2EEAR,17(1987)5,33—36,

{51 SRR, 5. Welk, AAKEAPFA SR, fEE LERESREESIDIE, 19874, 391, F 13181,

[6] RHEH.REE,HFHFERT,9(1987)2,176—180,

[7] Wang Shou-wu, et al., PIEE, 69(1981), 130139,

[8] J. Millman, H. Taub, Pulse, Digital and Switching Waveforms, McGraw-Hill Book Co. Chapter
6, (1965).

(91 XUSCH: R RS R B SR A, B i B 4L, 198148, 58 153—156 IR,

STUDY ON THE DYNAMIC I-V CHARACTERISTICS OF BNRT

Zhou Xuan

(Insiirute of Semiconductors, Acedemia Sinica, Beijing)

Gao Guanghe

(Beijing Graduate School of North China Institute of Electric Power, Beijing)

Abstract Experimental investigation was carried out for the dynamic I-V  characteris-
tics of the bidirectional negative resistance transistor (BNRT) in the relaxation oscillation
circuit. Some properties of the BNRT relaxation oscillation circuit were also analysed by
means of the dynamic I-V characteristics. Experimental results agree with the computations.
The direction for improving the device design is also pointed out in order to enhance the
oscillation frequencv-
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