Terminology - pnp Ttic
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To forward bias the base/emitter junction, the p-type emitter must be at a
higher voltage than the n-type base, meaning that vgr < 0. To reverse
bias the base/collector junction, the base must be at a higher voltage
than the collector: vpc > O (or more correctly, greater than = -0.5 V).
Taken together, these requirements mean that vcg < -0.2 V. Also, the
carriers are all flowing in the opposite directions from the npn case —

base and collector currents are "out" and emitter current is "in".
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pnp - forward-active
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Simplifying approximation: Let vgg = —0.7 V. Find ip (or ig). Use ic = Brip
and ig = ip + ic = (Br+ 1)-ipfrom there. Check: vcg <-0.2 V.
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pnp - saturation

(D 7
| + + |
NG T L. SeEsEE
Vg < 0 (F) et e = O
P electrons n p
1i|—_:2
e . hol e
ZE:ZP-I-Zn <ﬁ|—|_2 iC:i
p
emitter base collector
- Vop U2V +
: , ; UEB UCB
1B = In1 + 12 = Ign1 €xp (W> + Isno exp <W)
q q

: : . . UEB UCB
Ic = 1p1 — Iy — Ip2 = Igp1 €XP <W) — [Isna + Ispa] exp (kT/ )
q q

: : : : UEB OCB
Il = lpl = ZpZ ~ [ISP1 ol ISNl] eXp (kT/ ) i ISPZ eXP (kT/ )
q q

Simplifying approximations: Let vpr = 0.7 V and vcg = -0.2. Solve for

, the currents. Check: ic / ip < fr.
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pnp - off
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If both junctions are reverse-biased, then there are no currents (or very,
very small reverse-leakage scale currents). The transistor is essentially an

open circuit.

As in the npn case, we generally will not use the pnp in reverse-active
mode.
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pnp - example Vee -10V

Looks similar to an npn-type circuit, R}

but with negative supplies. 2 KO Y Z]

Guess forward active: Vo Ry 100 kO ;CE

vpe = -0.7 V, 1c = Priz. - i pr= 100
-3V 1 035:1—

Be careful with polarities!

Vg +13Rg — vgg = 0

vse — VBB
Rp

I e

SRR LR s e e
T 100 kKQ =pn

o= :BFiB =23 S (,BF = 1) == (100 s 1) (23‘L1A) — I 52TmMA

vce = Veoc +icRc = =10V + (2.3 mA) (2kQ) = -5.4V  FA - check.
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pnp - example

However, it is more typical to use
positive supplies and turn the pnp
"upside down".

Guess forward active:
OBE =+0.7-V, tc =friz:

Be even more careful with polarities!

Ve " ipRp  Upr — Vrr

Ver — Vep - Upr
Rp
10V - 7.V £ (0.7V)

- 100 kKQ =

.,
¥
|

ic=fBpie=23mA i = (B +1) iz = (100 + 1) (23pA) = 2.32mA

UCE = icRC == VEE = (2.3 mA) (2 kQ) —10V=-54V FA — check.
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pnp - example Ve 6V

Looks similar to previous example. j
Guess forward active: vge = —0.7 V, ic = Bris. preh
§ 25RO R
Vg + 18Rg — vgg = Vg VBB 2 Vi vy Cen
2V i +
= Ve VeR DRy
B 2 R l s
6V-—-2V+(-0.7V) jitiss
25 kQ Pe
Br=100

ic = Brip = (100)(0.132 mA) = 13.2 mA.
vce = icRc— Ve = (132 mA.)5kQ) -6V =+60 V. Noooo!

The pnp must be in saturation, so that vcg = -0.2 V.

The base current calculation is unchanged: ig = 132 pA.

. VeE + UcE 6V + (—0.2 V)
< Re 5 kO i

=1l tis =129 mA ic/ip=(1.16 mA)/0.132 mA) = 8.8
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pnp - example Ver 10V

One more time, guess forward active: R
ve = —0.7V, ip = (Br+1)is. :
2.2 KO

Around the base-emitter loop:

; UBE i
VBB — vBe + 1ERE= VEE.
BB C
> W Ve hivne = ,81:— 100
Il =
RE
10V 6V i (07V)
= — 1 5mA 1.5 kQ
22 KO i
i iE 1 5 mA
—14.85 A
s g i

ic = Bip = (100) (14.85 uA) = 1.49 mA

Check:
Ve —ieRe+ vce— ic Re= 0.
vce=1c Rc+ i RE—VEe= (149 mA)(1.5 kQ) + (1.50 mA)(2.2kQ)-10V

=—4.465V — Yes! In forward active.
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: 5.0
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* If the pnp is in saturation, then v, = Vee + vce(sat) = Ve — 0.2 V.
This happens when v;, is small, such that Ve — viy is big.

* If the pnp is in forward active, then vour = icRc = BrRcis.
The output voltage drops as the input voltage increases.

* If the pnp is off, then all currents are 0, and vou: = 0.
This happens when vy, is big, such that Veg — v, < 0.7 V.

* Transition from sat to FA (pt. A) when v;, = va , where v satisfies:

VR oy
VEE TLIYCE (sat) = ,BFRC
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