TOSHIBA Basics of Bias Resistor Built-in Transistors (BRTSs)
Application Note

Basics of Bias Resistor Built-in
Transistors (BRTS)

Outline:

This document explains the operation, electrical characteristics (on-voltage, breakdown voltage
of each pin, switching time, etc.) during switch operation, type, and selection method of the
built-in resistor transistor (also known as BRT, digital transistor).
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1. Introduction

Semiconductor switches come in many types, including simple on-off switches and those for the
selection of a signal and electrical power. This application note discusses bias resistor built-in
transistors (BRTs) used as simple on-off switches as shown in Figure 1-1. Available in a single-chip
implementation, a BRT is composed of a bipolar transistor and two bias resistors for switching. In
Figure 1-1(b), a BRT is enclosed in a dashed box.

On-off switches should switch on and off within a specified time at a specified control voltage,
have low turn-on and high turn-off resistance, and provide sufficient ruggedness. The following
shows the four characteristics required for BRTs in comparison with general-purpose 60-V
MOSFETs used for similar applications.

BRT MOSFETs
1. Voltage across switch %* % Kk k *
terminals at turn-on
2. Withstand voltage across * % % * % %
switch terminals at turn-off
3. Control voltage % % % Kk * &
4. Switching time * * * % %

The greater the number of %, the better.

Vcc
%]

1 ilNe
. R

RL B! — PN
T _ Q

1 I\ 1

+ ! !

I Terminal-to-terminal VI C) E R2 D E
v voltage _ : :
R

/77 /77

a) Switching circuit b) Switching circuit using a BRT

Figure 1-1 Switching circuit

The advantages of MOSFETSs also include ease of device selection (i.e., ease of circuit design) and
zero reactive current (i.e., power-saving). However, BRTs can also be used to configure switches
at low cost if you understand selection guidelines for BRTs.

In the case of an NPN BRT like the one shown in Figure 1-1(b), R: converts the control voltage
applied to the base (B) terminal into current in order to stabilize the switching operation. In the off
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state, the control signal preceding the BRT might assume the high-impedance state. In that case,
R> acts as a pull-down resistor, pulling the base voltage to the GND level.

Without Ry, the leakage current or the collector cut-off current (Icgo) flowing from the input at
turn-off might cause the BRT to malfunction because of the charge accumulated in the base region.

R> helps prevent malfunction by passing leakage current to GND.
In the case of a PNP BRT, R acts as a pull-up resistor. There is no difference in the effects of Ry

and Ry between NPN and PNP BRTSs.

The bipolar transistor in the BRT has three distinct regions of operation: saturation, active, and
cut-off regions. In the active region, the collector current is basically the base current times a given
current gain. It is a current-driven device since the collector current is controlled via the base current.
The ratio of the collector current to the base current in the active region (called the DC current gain)
is represented by hre, which is 70 to 700 in the case of general-purpose bipolar transistors. As the
base current is increased along the load line as shown by the arrow in Figure 1-2, the collector current
increases proportionally according to hre. When the base current is further increased, hre decreases
as the gaps between collector-emitter voltage curves become narrower. If the base current is
increased further on the load line, the collector current will no longer increase. This region is called
the saturation region. The BRT, which is used as a switch, is operated in the saturation region as well

as in the cut-off region in which the bipolar transistor is off.

Active region

Saturation region

240 — / :
.’ 5.0mA
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B f0mA 3.0mA

200 , —
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Figure 1-2 Static characteristics of the BRT (Ic — Vce curves)
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2. Operation of the BRT

This section describes how a BRT incorporating an NPN bipolar

transistor turns on in the saturation region when the control Ve
voltage (Vi) applied to the B terminal is increased from the off state.
For the sake of simplicity, let’s consider the operation of a simple R,
circuit shown in Figure 2-1. C
1. The bipolar transistor, Q, is off. R """""""" i |C
V1 is gradually increased. Since Q is initially off, the current B i — W b L
due to Vi flows only to Ry and R;. Therefore, Vy is divided by ' l:B'. I N Q .
R: and Rz, and Vs is applied to the base (b) of Q. v C) R, l |
Vb={R2/(Ri1+R2)}x Vi | k2 :
- 'BRT !
Lo eo_TTIIT o
/77 /77

Figure 2-1 Circuit used for the explanation of BRT operation

2. Q turns from off to on.

When Vy reaches roughly 0.6 V, the base current (Ip) begins to flow, turning on Q, as
indicated by the Vegsat) - Ic curve shown in Figure 2-2. This causes the collector current,
which is Iy times heg, to flow. At this point in time, Q is still in the active region, not in the
saturation region. Therefore, its hre is 120 to 700, as is the case with the hre of
general-purpose bipolar transistors (such as the 25C2712).

3. Qs on. (Transition from the active region to the saturation region)

As Vi increases further, Vge increases. When the base voltage (Vb) of the internal bipolar
transistor is higher than 0.6 V, a slight increase in Vy, causes an exponential increase in the
collector current (Ic) as shown in the Vegesat) - Ic curves of Figure 2-2.

Therefore, once Q turns on, Vp remains almost constant without being affected by the
division of Vi1 by R1 and Ry. All the excessive current (Ig - Ir2) flowing through R; flows as the
base current (Ip) to the bipolar transistor. When the bipolar transistor turns on, it is still in the
active region where the collector current (Ic) is Is * hre. However, since the collector-emitter
voltage (Vce) is equal to Vcc — RL * Ic, Vce decreases suddenly because of an increase in I,
causing the bipolar transistor to enter the saturation region.

In this region, both the base-emitter and base-collector pn junctions are forward-biased.
Therefore, a large number of minority carriers are accumulated in the base region.

4. Q turns from on to off.

The voltage on VI is reduced. However, reducing Vi below the voltage specified as “input
voltage (OFF)” does not cause the bipolar transistor to turn off immediately. This is because
the collector current continues flowing until all the minority carriers in the base region are
discharged through R or disappear as a result of recombination with majority carriers. The
time required for this operation is called the storage time, tsig. Q turns off after the minority
carriers disappear.
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Figure 2-2 Vaegsat) — Ic curves (25C2712) Collector-emitter voltage, Ve (V)

Figure 2-3 Operating locus of the BRT

3. Electrical characteristics as a switch

The electrical characteristics of a BRT depend on the values of the internal resistors used. As
mentioned in the comparison between BRTs and 60-V MOSFETs in Section 1, it is necessary to
select the optimum BRTSs. This section describes major electrical characteristics of BRTs and basic
guidelines for BRT selection.

3.1. Voltage across switch terminals at turn-on (Vcgsat))
Vceesat) is the collector-emitter voltage (Vce) when the BRT turns on.

VCC

74

It is desirable to select
Ve BRTs with low Vcesat).

K

a) Mechanical b) BRT switch
switch

Figure 3-1 Voltage across switch terminals
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The resistance between the terminals of a mechanical switch becomes almost zero when it is
closed. However, for a BRT, it is necessary to use it in the saturation region where the
collector-emitter resistance is low (i.e., the collector-emitter voltage is low). In the active region,
the collector current increases proportionally with the base current according to hee. In contrast,
in the saturation region, hre decreases as the saturation level increases (i.e., Vce decreases).
Figure 3-2 shows the Ic-Vce curves of a BRT, in which a load line at a Vcc of 5 V is highlighted in
red. The load line intersects the Ig = 0.2 mA curve at a Vce of 3.8 V, which means hge = 160 when
Is = 0.2 mA. However, the load line intersects the Is = 6 mA curve at a Vce of 0.2 V, meaning hee
= 20. Therefore, there are two ways to reduce the collector-emitter voltage (Vce):

1. Reducing the collector current (Increasing the load resistance, Ry).
(Red load line = blue load line)
2. Increasing the base current Ip.

240

WY=L

20 (120 mA)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Higher base current

~
; |
% 120 //// ,,/LgmA
g
S A

i \

54 (107mA) 80 %\ 0.5mA
N
777777777777777777777777777 NN
16(80mA) ,,,,,, % Higher load TN\ \ L = Ot
40 ‘V resistance N\ b
- NN
N |/ \\
0 L " : '
0 1 2 3 4 5 6 7
TeemA) | EECI N 160 (32mA) |

Collector-emitter voltage, Ve (V)

Figure 3-2 Reducing the collector-emitter saturation voltage, Vcegsat)

Since the first way of reducing Vceesat) by increasing Ry affects the load current (Ic), the collector
current can only be reduced to the extent permitted by the design requirements. Here, let’s see
how increasing the base current helps reduce Vceesat). Look at the circuit shown in Figure 3-1(b).
The assumption is that we are changing the control voltage (Vi) for the RN1102 BRT (with
Ri=R;=10 kQ) from OV to 5 V.
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Without the bipolar transistor, increasing Vi from 0 V to 5 V would obviously cause the voltage
at b (Vp) to change from 0 V to 2.5 V because of the ratio of the R1 and R values. In reality,
however, Vpe increases only up to roughly 1 V as shown in Figure 3-3 because of the presence of
the bipolar transistor. The remaining current flows to the base terminal as Ip:

In = Is=Ira=(Vi—-Vee)/Ri-Vee/R2

As indicated by this equation, Iy can be increased by increasing Is and reducing Ir> using a BRT
with:

* Small Ry value
e Large Ry value

What is important here are the absolute values of R; and Rz, not the ratio of Ry to Ry.

The collector-emitter saturation voltage increases as temperature increases, as shown in Figure
3-4. Take the above characteristics into consideration to achieve the optimum design.

v . VBE (sat) — IC RN1102  VCE (sat) — Ic
2 ||| common EMITTER
ris]
[e) Ic/ig=10 5 03
> 1 Ta=25C ] 2
5 ’ : S
B ' g il
~~
5 =2 3 ® . Ta = 100°C E"’
o 3 o O I -
0w E 8 % - L =
R ==z el £ S g =
£ Hi i3 g > ¥ -26
£ 0.5 - 5 I
Q 0.3 O 0.08
o L L ] Q
8 o S COMMON EMITTER
01 03 1 3 10 30 100 0.01 Ig/Ig = 20
1 3 5 10 30 50 100

Collector current, Ic (mA)

Figure 3-3 Vag(sat) — Ic curves (25C2712) Collector current, Ic (MA)

Figure 3-4 Vcgsat) — Ic Ic curves (RN1102)

3.2. Withstand voltages
The withstand voltages that should be considered are the maximum voltage applied across the
switch terminals at switch-off as well as the maximum and minimum control voltages.

3.2.1. Maximum voltage across switch terminals at switch-off (collector-emitter
withstand voltage)

This is defined as the collector-emitter voltage (Vceo) with the base (B) open. Toshiba’s BRTs
incorporate a general-purpose bipolar transistor similar to the 25C2712 and 2S5A1162 with a
collector-emitter voltage of 50 V.
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3.2.2. Control voltage (maximum and minimum emitter-base voltages, Vego)

Forward direction:

As the control voltage increases, the BRT transitions from the off state to the on state.

In the case of a general bipolar transistor without resistance, as the control voltage is increased
after turn-on, its collector current or collector power dissipation reaches the maximum rated value
if it is in the active region, making it impossible to increase the control voltage any further. If the
bipolar transistor is in the saturation region, its operation is often constrained by the rated base or
collector current.

Since BRTs are usually operated in the saturation region, care should be exercised as to the base
and collector currents. The allowable power dissipation of the bias resistors of a BRT is specified as
1/8 W. Accordingly, the maximum control voltage (Vi) is basically determined as described below:

. .. . C
1. When R; is large: Power dissipation of Ry :“Ii “““““ M-
2. When R; is small: Maximum collector current (Ic) Bi ', b K 0
Vi + |
(Forward i R
1. Power dissipation of Ry direction) ! 2
Let the base-emitter voltage of the internal bipolar transistor - BRI —H é

at turn-on be Vpe.
Then, the current flowing through R1 (Ig) is expressed as follows.
For the sake of simplicity, the assumption is Vee = 0.7 V.

Figure 3-5 Forward
control voltage

Is = (Vi-Vbe)/Ri=(Vi-0.7)/ Ry
The power dissipation of R1 due to Ig must not exceed 1/8 W. Hence:
1/8 W >Ry * {(Vi-0.7)/ Ri}?
> (Vi-0.7)%/ Ry
Vi < (R1/8)Y +0.7 (1)
2. Maximum collector current (Ic)
The current flowing to the base (b) of the internal bipolar transistor (I) can be calculated by
subtracting the current flowing to Rz (Ir2) from Ig:
Ib=Is-Ip2=(Vi=Vbe) /Ri =Vbe/R2=(Vi-0.7) /R1 - 0.7 / R2
Since the collector current (Ic) is equal to Iy times hre under operating conditions, the
following equation must be satisfied:
Ic(max) > Ic=hrpe *Ip = hee * {(Vi - 0.7) / R1 - 0.7 / R2}
Vi < Ry * Ic¢(max) / hee + (R1 + R2) ¥ 0.7 / Ry (2)
The lower of the V: values calculated based on the following two factors is the maximum
allowable Vi value.

Figure 3-6 indicates the tendency of the maximum Vi value, although it should be considered
merely as a guide. Basically, Vi is determined by the allowable power dissipation of bias resistor Ry
(1/8 W). However, the maximum V; value depends on the rated collector current (Ic) when Ry is
small and hre is relatively large.
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Figure 3-6 Collector current (Ic) vs. input voltage (V) (left: hrg=10, right: hre=20)

Reverse direction:

Let’s consider the emitter-base voltage of the internal bipolar transistor (which is equivalent to
the general-purpose bipolar transistors of the 25C2712/2SA1162 class). The emitter is the
positive side of the transistor. In the case of bipolar transistors without bias resistors, the
emitter-base voltage is represented by Vego. In the case of BRTs, the internal bipolar transistor is
off when the emitter-base voltage is applied. Therefore, the emitter-base voltage is determined
by Rz / (R1+Rz). And therefore, BRTs with a higher resistor ratio (Ri/Rz) provide higher Vego as

shown in Figure 3-6.

The reverse voltage is the overshoot / undershoot (negative voltage) that occurs when the
control input voltage VI reverses, and the voltage at the emitter terminal may become higher than
the voltage at the base terminal. Care should be exercised to prevent such a situation.

Cc
FooTTTTTTTT =73
Bl by
Vi _ ! SN
(Reverse C) i R !
direction) ! 2 '
+ 'BRT L o

E

Figure 3-7 Reverse control voltage

_— -7
30 ’—’ /
- 4
~25 = 7’
- ’/
20 ’/’ ~-
g 15 -7 -
s -7
10 -
4 -
(e —--
e =
0
0.00 1.00 2,00 3.00 4,00 5.00
R,/R, Ratio

Figure 3-8 Vego VS. R1/R>
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3.3. Control voltages (input voltage (ON) (Vion)) and input voltage (OFF)

(Vi(orr)))

In the case of a bipolar transistor, the base current begins to flow at the threshold voltage (Vb)
of roughly 0.6 V, causing the transistor to switch on or off. When a switch circuit is configured
using a BRT as shown in Figure 3-1, the input voltage (Vi) at which Q begins to turn on is inversely
proportional to R and proportional to Ry, as indicated by the following equations:

Vbe = R2/(R1+R2)* Vi
Vi = (R1+R2)*Vhe/R2 = (R1/Ra+ 1) % Ve

The input voltage (ON) and input voltage (OFF) of a BRT are defined as follows: (Ta=25°C)

* Input voltage (ON), Vinony:  Voltage required to obtain the collector current equal to or

higher than the prescribed value (e.g., Ic = 5 mA) at Vce = 0.2V

* Input voltage (OFF), Vinorr): Voltage required to keep the collector current equal to or lower

than the prescribed value (e.g., Ic = 0.1 mA)atVee =5V

Since BRTs are used in the saturation region as described above, minority carriers accumulate in
the base region after the internal bipolar transistor turns on before they enter the saturation
region. BRTs do not switch off until the accumulated minority carriers are swept out of the base
region.

The current to charge and discharge the base is constrained by R; at turn-on. R; and R; have
different effects on even BRTs with the same resistor ratio (Ri/Rz2). Figure 3-9 plots the maximum
Viony values shown in datasheets.

RN110xMFV Vygn max vs R;/R; Ratio RN110xMFV  Viony max vs Ry
12 @R,/R, =1.00
10 - o) 6
/ — _— == == ’
% 8 5 - °
. -7 2 -7 -7
3 -’ 7 _3 _ - - . BRTs with higher Ry
= 4 7 l I ) . . 5 P d L4 - : . f
/oo 12 BRTs with higher Ri/R2 52 Ce — - provide higher Vicon i
2 Teg 'I - . A 1 -
@ \_-- provide higher Viony. they have equal Ri/Ro.
o Lo= == 0
0.00 1.00 2.00 3.00 4.00 5.00 0 10 20 30 40 50
R1/R2 Ratio R, (k@)
NPN BRTs 1
RN210xMFV Vi max vs R;/R; Ratio RN210xMFV  Vin Mmax vs R,
o PNP BRTs @R,/R; =1.00
0.00 1.00 2.00 3.00 4.00 5.00 R; (k€2)
L 1C 20 30 }
1 \— —
= > il
> e T -~ - == ~ ~
-5 A/ e -_— L
Figure 3-9 Effects of bias resistors on Vo)
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3.4. Switching times

The switching times of the bipolar transistor are defined as shown in Figure 3-10.

Turn-on time = delay time (tq4) + rise time (%)
Turn-off time = storage time (tsig) + fall time (t)

In the case of bipolar transistors, the accumulation of charge
(Qg) in the base region begins immediately upon turn-on. BRTSs,
which are operated in the saturation region, continue
accumulating excessive charge even after they turn on. Charge
accumulation lasts until (T * Ip), a value that is determined by the
lifetime (Tn) and base current (Ip) of the internal bipolar transistor.

At turn-off, BRTs remain on for a period of tstg until the excessive
charge accumulated after turn-on is swept out of the base region.
Thereafter, Ig decreases exponentially.

Table 1 shows examples of the results of measurements of these
BRT characteristics. The measurements were taken ata Vcc of 5V,
switching the input voltage from 0 V to 5 V and vice versa. The
load resistance (Rp) is 1 kQ. As indicated in Table 3-1, teyq

constitutes a dominant portion of the switching time.

Table 3-1 Examples of the results of measurements of BRT
switching times

Type | Ri (kQ) [ Ry (kQ) | tr (nS) |tstg (HS)| tr (HS)
RN1401| 4.7 4.7 38 1.89 0.11
RN1402 10 10 60| 2.25 0.13
RN1403 22 22 118 2.41 0.21

There are two considerations for reducing tstg:

1. Minimize the accumulation of excess carriers.

________________________

E /77

Iz &

t
Ic 4
90% <

t

100/0_— — >

ta t,

Figure 3-10 Test circuit for and
definitions of switching times

This helps reduce the saturation depth of the BRT while it is on. Shallow saturation means high

hre. As can be seen from Figure 3-11, the collector current of a BRT depends mainly on supply

voltage (Vcc) and load resistance (RL). Vcesat) contributes less to the collector current. Therefore,

even if Iz is decreased and hee is increased, the effect on the output voltage can often be ignored.

When priority is given to switching time, it is advantageous to select a BRT with a large Ry

Table 3-2 Effects of Ry on tsig

tstg (HS) R; (kQ) R> (k)
1.84 47 47
@ 2.81 22 47
3.36 10 47
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2. Remove excess carriers quickly.

Excess carriers accumulated in the base region are removed mainly through Ry although the
carrier removal path slightly differs depending on the configuration of the preceding circuit. (Ry
has a great influence on the saturation depth as described in 1. When R; is large, there are few
excess carriers, which is advantageous for the emission time.). Therefore, BRTs with a low R;
value are suitable for increasing the switching speed.

Ic = (Vee - Veggsay) / Ru
Vceesaty is negligibly smaller than Vec

Table 3-3 Effects of Rz on tstg and does not affect Ic.
tstg (BS) Ri (kQ) Rz (kQ) \/_
1.34 47 22 v
1.84 47 47 «<T
2.25 10 10 " D
@ 3.36 10 47 .
U | C_.
¢ R b l I¢!
B! \ :
S K Q
+ ; IB |ﬁ |b
Vi i e vlr2
-7 R L
E
/77

Figure 3-11 Collector current
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4. Types of BRTs

Table 4-1 shows the lineup of single BRTs. Toshiba offers BRTs with many resistor combinations so
that you can find one that satisfies your electrical characteristics requirements.
Toshiba also offers 2-in-1 BRTs shown in Figure 4-1.

Table 4-1 Lineup of single BRTs '
Package dimensions (unit: mm) - Resistance
= 2.9x2.4
2|z i -
| R1 R1
L
& ' A &1 &t
= || = || o ' Rl | R2 NPN PNP
E E 1.2x1.2 1.6xL6 2.0x2.1 2.9x2.5 (typ.) | {typ.)
il= 5 s : (k) | (k) Part Number
== ] ] ] ] J ] ] ]
=83 iy o5 oS ofH i oL oA a7 | 47 | ToTC143€ | TOTAL43E
gy 4 g gy @ 4 gy gy
3 3 > & b ] [ 3 10 | 10 | TDTC114E | TDTA114E
Rl | R2 NPN PNP NPN PNP NPN PNP NEN PNP 22 | 22 | TDTC124E | TDTA124E
[typ.) |(typ.)
(b | (ke E— 50|100] 47 | 47 | TDTC144E | TDTA144E
2.2 | 47 | TDTC123J | TDTA123)
4.7 | 47 |RN1101MFV#RN210IMFV# RN1101# | RN2101# | RN1301# | RN2301# | RN1401# | RN2401# w7 a7 Tvorciasz [ Totatass
10 | 10 |[RN1102MFV#RN2102MFV#| RN1102# | RN2102# | RN1302# | RN2302# | RN1402% | RN2402# I'D JE e p———"

22 | 22 |RN1103MFV #RN2103MFV#| RN1103# RN2103 # RN1303# | RN2303# | RN1403# RN2403 #
47 | 47 |RN1104MFV#RN2104MFV#| RN1104# RN2104# | RN1304# | RN23044 | RN1404# RN2404 #

2.2 | 47 |RN1105MFV#|{RN2105MFV#| RN1105# | RN2105# | RN1305# | RN2305# | RN1405# | RN2405#
47 | a7 |RN1106MFV#|RN2106MFV#| RN1106# | RN2106# | RN1306# | RN2306# | RN1406# | RN2406#
10 | 47 |RnitoTMrv#|RN2107MEV#| RN1107# | RN2107# | RN1307# | RN2307# | RN1407# | RN2407# '
22 | 47 |Rnil0sMrv#|RN2108MEV#| RN1108# | RN2108# | RN1308# | RN23084# | RN14084# | RN2408# resistance
47 | 22 |Rn1109MFv#|RN2109MEV#] RNL109# | RN2109# | RN1309# | RN2309# | RN1409# | RN2409# g3 -
47 | = |RNitioMrv#|rN2iiomeve| RN1110# | RN2110# | RN1310# | RN2310# | RN14104 | RN2410# s
50 l1ool 10| = [RNLILIMFV#|RN2111MFVs| RN1111# | RN2111# | RN1311# | RN2311# | RNI4I1# | RN2411# my By
22 | « [Rniiiamrve|RNziiompvs| Rn1112# | RN2112# | RN1312# | RN2312 | RN1412# | RN2412# ) gy
47 | = |RNIL13MFV#|RN2113MFV#| RN1113# | RN2113# | RN1313# | RN2313 | RN1413# | RN2413# - | = e .
1 | 10 [Rnii1emrve|Rn2iiamevs|] RN1114# | RN2114 | RN1314# | RN2314 | RN1414# | RN2414# {typ.) | (typ.)
(kQ2) | (k1) Part Number
2.2 | 10 |RN1115MFV#|RN2115MFV#| RN1115# | RN2115# | RN1315# | RN2315# | RN1415# | RN2415#
47 | 10 |RN1116MFV#|RN2116MFV#| RN1116# | RN2116# | RN1316# | RN2316 | RN1416# | RN2416# 1 | 1 | RN1421 RN2421
10 | 47 |RN111TMFV#|RN21ITMFV#|  RN1117 RN2117 RN1317 RN2317 | RN1417# | RN2417# 2.2 122 | RN1422 RN2422
47 | 10 [RN1L1SMFV# - RN1118 - RN1318 | RN2318 | RN1418# | RN2418# 47 | 4.7 | RN1423 RN2423
1 oo |RN1119MEV #|RN2119MEFV # ~ _ _ _ _ ~ 50 [8B0O| 10 10 RN1424 RN2424
100 | 100 [RN1130MFV #|RN2130MFV 4 - - - - - - 047 ] 10 | RN1425 RN2425
100 | = [RN1131MFV#|RN2131MFV 4 - - - - - 1 | 10 | RN1426 RN2426
200 | e« [RN1132MFV#|RN2132MFV 4 - - - - - 2.2 ) 10 | RN1427 RN2427

# AEC-Q101-qualified

The 2-in-1 BRTs are available in five-pin common-emitter, six-pin point-symmetrical, and parallel
configurations.

Most 2-in-1 BRTs consist of an NPN or PNP pair, and parallel 2-in-1 BRTs also have the NPN/PNP
configuration.

a) Common-emitter b) Point-symmetrical c) Parallel

Figure 4-1 2-in-1 BRTs
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5. Selection guidelines

In most cases, BRTs are used as switches. Therefore, let’'s assume the use of BRTs as switches.

Considerations for BRTs include the following:

1. Compatibility with the control circuit at the previous stage
(selection of an NPN or PNP BRT)

2. Turning on and off the transistor without fail via a control
signal (Vion) and Viorr) voltages)

3. Obtaining necessary voltage when the transistor is on (i.e.,
reducing a drop in the collector-emitter voltage in the “on”
state)

4. Reducing the turn-on or turn-off time (i.e., increasing the
switching speed)

Figure 5-1 Basic circuit

These considerations are explained below using the basic circuit with an NPN BRT shown in Figure
5-1 (which is the same as the one shown in Figure 2-1). The BRT is enclosed in the dashed box. Vi is
the control signal, Vcc is the supply voltage, and Ry is the load, including a pull-up resistor.

Each guideline for the selection of BRTs is discussed in the following subsections. Figure 5-2 shows

the concepts of the electrical characteristics of BRTs.

5.0
L]
N 4.5 & \_RN1118
e 4.0 g 47,4.70
~., o)
x 35 RN1114 >
° 1,0.10 °

3.0 RN1117 =
.9 * RN1101 10,213 c
4(6 RN1119 4.7,1.00 ) 8
[ 2.5 1,0.00 i 3 :
S 2.0 2 @ RN1109
.IG)J " 47,2.14
‘» L5 103 RN1104 RN1130
&) 1.0 a7 1_00._ 100, 1.00

0.5

0.0 N . =

RN1105 RN1110 “_RN1111_RN1112 _RN1131
1 2.2,005 4.7,0.00 10 10, 0.00 22,0.00 100 100, 0.00 1000
Bias resistor R1 (k%)
Figure 5-2 Selection of electrical characteristics
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5.1. Matching with the control circuit at the previous stage (selection of an NPN
or PNP BRT)

Select either an NPN or PNP BRT according to the preceding control circuit. BRTs are often
preceded by a circuit that can assume a high-Z state as shown in Figure 5-3. Use an NPN BRT
if the output of the preceding circuit has a pull-down resistor. Use a PNP BRT if it has a pull-up
resistor. Using the wrong type of BRT might, as shown in Figure 5-4, cause a BRT to
malfunction at the midpoint potential between the pull-up resistor and the built-in bias resistors
when the output of the preceding circuit is in the high-Z state.

Do not connect multiple NPN and PNP BRTs in parallel as shown in Figure 5-5 because the
midpoint potential generated by each built-in bias resistor causes a malfunction.

Vee O

ull-up resistor

Preceding control Rpullup
ircuit v R{+R,
circui : o
(open-drain) ; BRT control Rpuliup + R1 + Ry
||—'_O' ------------- > / "
r#7

RpuIIup

Figure 5-3 Circuit with a high-Z state preceding a BRT I
|
| |
el ]
| |
JJPN
/77
Figure 5-4 BRT preceded by pull-up resistor
v, = Rp1+Rpp Y
Rp1+Rp2+Rn1+Rn2 ;-PT\]P____: C
\ I:I I Ro1 1
L I
Vi I R, I
I ————— —
| - ——=- =1 -
1 I Ry K I
I R, !
]| I
NPN =g
77
Figure 5-5 Connecting NPN and PNP BRTs in parallel
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5.2. Turning on and off the BRT without fail via a control signal (Vion) and Vyoorr)
voltages)

Input voltage (ON) (Vion)) and input voltage (OFF) (Viorr)) are specified at 25°C in the
datasheet. When designing a circuit, it is necessary to select BRTs that provide high-level Vi
voltage of the control circuit at the previous stage higher than the maximum Vion) voltage and
low-level Vi voltage lower than the minimum Vyorr) voltage. Allow sufficient design margins
according to the usage environment.

See Section 3.3, “Control voltages,” for collector current (Ic) vs. input voltage (Vi) curves.

® BRTs with higher Ri/R> provide higher Vion.
® BRTs with higher Ry provide higher Viony if they have equal Ri/R>.

5.3. Obtaining necessary output voltage when the BRT is on

(Reducing a drop in the collector-emitter voltage in the “on” state)

For example, when the NPN BJT turns on in the saturation region, the collector voltage drops
to the GND level because of an external resistor (R.) and the collector current (Ic). In practice,
however, there is a voltage level called collector-emitter saturation voltage (Vcesat)) between
the collector and GND (emitter) potentials. Vceat) can be reduced to some extent by increasing
the base current (Ig).

Ir can be expressed as follows using Vi. This equation indicates that I can be increased by
using a BRT with the following two conditions.

In =Is = Ir2 = (V1 =Vbe) / R1 = Vbe / R2
® Small Ry value
® large Ry value

Such BRTs pass a greater current to the base at a given input voltage (Vi). For details on the

input voltage, see Section 3.1, “Voltage across switch terminals at turn-on (Vcggsar)).”

5.4. Reducing the turn-on or turn-off time
(Increasing the switching speed)

Storage time (tstg) constitutes a dominant portion of the switching time because of the
charge accumulated in the base region. Therefore, switching speed can be reduced by
reducing the amount of charge accumulated in the base region and increasing the speed at
which it is discharged. Select BRTs, taking the following points into consideration. For details,
see Section 3.4, “Switching times.” This requirement contradicts the description in Section
5.3.

® Do not bring a BRT into a deeper saturation level than is necessary.
= Large Rj value
® Reduce the impedance of the path through which excess carriers are removed.
= Small Rz value
Select a BRT with a small R> value because excess carriers are removed mainly through Ro.
Excess carriers also disappear as a result of carrier recombination in the base region. There is a
limit to a reduction in tstg through carrier discharging.
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6. Calculating the power dissipation of a BRT

For example, in amplifiers, bipolar transistors are used at high hrg, causing the collector power
dissipation (Vce * Ic) to be dominant. In contrast, BRTs are commonly used at an hge of 10 to 20.
Therefore, other sources of power dissipation cannot be ignored. It is necessary to consider the sum
of the power dissipation of the internal bipolar transistor (Q) and bias resistors (R1 and R;) of a BRT.

The following shows a simple calculation example. Notice that bias resistor Ri causes the greatest
power dissipation.

Suppose that the BRT is the RN1402 (Ri=R>=10 k), the input voltage (Vi) is 10 V, the
collector-emitter voltage (Vce) is 0.2 V, the base-emitter voltage (Vee) is 0.7 V, and the operating
current gain (hre) of the internal bipolar transistor is 10.

The BRT is enclosed by a dashed box in Figure 6-1. Let’s calculate the amounts of currents indicated
in the dashed box.

Ie = (Vi=Vbe)/Ri=(10V -0.7V) /10 kQ =0.93 mA
IRz =Vbhe/R2=0.7V/10kQ = 0.07 mA
Ib =Ig-1Ir2=0.93 mMA -0.07 mA = 0.86 mA
Ic =1, * hee =0.86 mA * 10 = 8.60 mA

Let the power dissipation of R; and Rz be Pri and Pr> respectively and the collector-emitter and
base-emitter power dissipation of the bipolar transistor be Pce and Pne respectively.

Ri :Pr1 =(Vi—Vbe) *Ip1 =(10V -0.7V) *0.93mA =8.65mW
R> :Pr2 = Vpe * Ir2 = 0.7V * 0.07 mA = 0.05 mW
Vce :Pce =V *Ic=0.2V *8.6 mA =1.72 mW
Vbe :Poe =Vpe ¥*Ip = 0.7V * 0.86 mA = 0.60 mW

Hence, the power dissipation (P) of the BRT is calculated as:

P = Pr1 + Pr2 + Pce + Pbe = 11.02 mW
V R
C
C
]
__________ A
1 I
1 R ¢ 1
B! b 1
P e e K Q.
+ o1 I e |
1 1
1
VI() | "R LTR E
- 1 2 1
| 2______|
/77 /77
Figure 6-1 Basic circuit
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7. Application circuit examples

o O
Vee Input N/ i Output
Output i D i
—— 0 BRT .k
| | cTL |
Input ! ' ' '
Fl o o—+1 o
: N | N
| BRT i BRT L]
/77 /77
(a) Inverter circuit (b) Load switch
VCC
Y
kY
e B ! CTL
CTL | : O
o |
BRT |
/77 /77
(c) LED driver circuit (d) Relay driver circuit

(Plunger control circuit)

Figure 7-1 BRT application circuit examples

For the lineup of BRTs — Click Here
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8. Related Links

m Product Line Ups (Catalog) Click
m Product Line Ups (Parametric Search) Click
npn pnp wa

m Stock Check & Purchase

B FAQ of Logic ICs Click
m Application Note Click
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9. RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA".
Hardware, software and systems described in this document are collectively referred to as “Product”.

e TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, software
and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life,
bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including
the Product, or incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest
versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and
application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook"
and (b) the instructions for the application with which the Product will be used with or for. Customers are solely responsible for all
aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of the use of
this Product in such design or applications; (b) evaluating and determining the applicability of any information contained in this
document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c)
validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS'
PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF
WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC
IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes,
without limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment,
equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power plant.
IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative or contact us via our website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

¢ The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license
to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

o ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES
OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS
INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND
CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and
the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly
prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR
LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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