Power Hybrid Circuits

HC2000H File Number 566

Multi-Purpose 7-Ampere
Operational Amplifier

Linear Amplifiers for Applications in Industrial

; f TERMINAL DESIGNATIONS
and Commercial Equipment

Features:

B Bandwidth: 30 kHz at 60 W

u High power output: up to 100 W(rms)

B Buijlt-in load-tine-limiting circyit: . e
® Reactive-load fault protection .. TG

® Provision for feedback control

92C5-40377

The RCA-HC2000H is a complete solid-state hybrid opera-
tional amplifier in a metal hermetic package. The HC2000H
is intended for military and critical industrial applications
and can be supplied in accordance with applicable portions
of MIL-STD.883.

The amplifier employs a quasi-complementary-symmetry
class B output circuit with built-in load-fault protection.

Type HC2000H is recommended for the following applica-
tions: servo-amplifiers (ac, dc, PWM): deflection amplifiers;
power operational amplifiers; audio amplifiers; voltage regu-
lators; and driven inverters.

Additional information on hybrid power amplifiers is con-
tained in RCA Application Notes AN-4483 and AN-4782.

MAXIMUM RATINGS, Absolute-Maximum Values:
Vs

Between 1eads 1 and 10 .. ... ..ttt e e e, sV
T TP 7TA
Pr

Per OUIPUL DOVICE .. ..ottt ettt et et e e SeeFig. 4 &5

LT -55to0 +125°C
L T AR ~55to +150°C
T, (During Soldering):

At distances > 1/8 in. (3.17 mm) from case for 10S Max. .........oviniiiiiii ittt iinnans 235°C
¢L (Min):

At distance = 0.075 (1.91 MM) froM CaSE .......c.uiiiitt ittt ittt e enaaeanes 0.04 in. (1.02 mm)
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Ei,ECTRicAL CHARACTERISTICS, At Case Temperature (Tc) =25°C" S «
CHARACTERIS'"C TEST CONDITIONS - LIMITS o UNIYTS
. ‘ vg -V | f —«Hz|Po —W| R —Q MIN.| TYP.| MAX|
Vour . o ’
VIN - i +375 4 2% |4 — 12000 =
Open-Loop R
Closed-Loop . g :
(See Fig. 3) +37.5 1 1.1 4 26 30 -
4N
Measured between - - — - 16 18] — k2
Jeads.7 & 8 (See Fig. 3) ‘ ) .
o ' ) +375 | - E ~ 18] =130 | mA
M
Measured between +37.5 - - 4 0 +30| £250 mV
leads 4 & 5 {See Fig. 3)
VouT £375 | 1 100 4 |28 | 32| -} v
p -
H 375 | - 1 4 |43 | - — | kHz
{See-Figs: 3&8) : 5 .
THD - - ’ i ; R
S +37. 6 4 | - . i 3
*(See Figs. 3&9) 375 ! 0 »04 0.5 %
fs' BN )
QT -], £37. - * - +3.85°
’ (Soe Fig.11) , 37.5 1 ; 0 2 385 A
N <y | +37. - - B S B 1]
‘2,600 @ Bl i o 1.8 = dﬁ
SR ) . . .
" {Unity gain, . 137.5 1 100 4 5.1 — | - Vs
IOM = 4A), ’ - I
Rgic o
Per Qutput Device . - - - - | = 1= 2 |'C/wW
{See Figs. 4 & 5) e : )
—®
I;sz :5 Ri2 Wy
Qs LOAD-LINE Og
afl 11 b a9
YIn 0057 -
® : . !_ Da C6_ g5 o
. 242 wondl i
h m@ T Ris+ RITIZ0 | B R st
L am] l| o | *{ —ew - .
S o | 2ksRa | R |y o 2 Ao ; "
: Vv, 0T ek i Ca 2ok | | fi00 yoz7 ooz .
; o b 5 Ro3 :
: (41 ios 5 : - 22 . oumse -
m" | Pi3s cs 008 120 ~Ocone ..
. | (BasE prate I it S
ERR Y . Y0 Remol J |- @ Vour
- wen R2 P CORE S I I Ul ittt Wag X
B i 10K !
. ogg L Qg ; Qo L
Ril " Rgl %
56 100 - _vs
’ RESISTME VALUES IN OHMS . :
CAPACITANCE VALUES iN MICROFARADS 2,
‘{aié'é%fir%’ﬁ&}ﬂ?ﬁ.ﬁ?&ﬁf? . SEE DIMENSIONAL QUTL.INE . Vep gzcs-zrzzl

Fig. 1 — Schematic diagram of type HC2000H power hybrid circuit operational amplifier.
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Power Hybrid Circuits

HC2000H

CAUTION: WITH A SINGLE-SUPPLY SETUP,

AN ACCIDENTAL so%on"smléun FROM Vs
LEAD €70 CROUND COULD RESULT IN Cikcury
DMIABEG WETWORE Wi T PROTECT TE £ RCOIT

IF A SHORT CIRCUIT o'&uus_u’n-szn LEADS 44 .

INPUT

* Mifter 5220, or equivelent 92CS-1998)

Fig. 2 — Type HC2000H power hybrid circuit with external
connections for operation with a single power supply.

AVERAGE POWER DISUPATION #1 EACH
TPUT €A BE CALORATED
FRON Priay < Po 13 AND EPPICIENCY
Phoay .2 !v;l.mronmwmn
FOVER 10D Jgu 1 THE PEAK VALUE OF ThE
OUTPUT YOLTACE.

FOR EFFICIENCY DERATING AT MIGH
SEE FIG. 1.
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Fig. 4 — Dissipation {average) derating curve for each
P {for sy ical wave-
forms with f > 40 Hz).
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Fig. 6 — Maxi lHowable supply voltage vs. load
resistance. .

* Midler 5220, or equivelent

92C€5-19982

Fig. 3 — Type HC2000H power hybrid circuit with external
connections (and split power supply) for measuring
relative response and distortion, see Figs. 8 & 9.

SEE PIG. 4 FOR DERATING FOR SYMAETRICAL
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Fig. 5 — Dissipation (dc} derating curve for each
output transistor.
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Fig. 7 — ClosedHoop voitage gein vs. external feed-
) -back resistance.




__ power Hybrd Clicufts

QUTPUT PONER (Pg) - ¥
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Fig. 8 — Qutput power vs. frequency.

POWER SUPPLY: SPLIT (Vg = £37.5V)
0 CASE TEMPERATURE (Tc) = 25°C
" m
3 S Y
; BNV
o
<
NO 3
Q o3| o\
E N PEAK LOAD CURRENT {igw) = 24
3 O3 i
[AVERAGE POWER DISSIPATION i EACH
02 JOUTPUT TRANSISTOR CAN IE((:lAL-)
2[CULATED FROR pyiayy » Po T
L3 I L4 11
K H 4 4 8 WK 2 4 & 8 00K

FREQUENCY {f) — M1

Fig. 10 — Maximum efficiency vs. frequency for
several values of peak load current.
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Fig. 12 — Mini load imped: vs. load phase

angle and safe area of operation.

HC2000H

POVER SUPPLY: SPLIT (¥g = 2375 V)
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Fig. 9 — Total harmonic distortion with split power

supply.

COLLECTOR CURRENT (i) - A

MMsm LIES WITHIN SAFE AREA UP TO AND INCLUDING
SUPPLY YOLTAGE OF 120.0V (Tg = 25 °C)

10 THE SHORT-CIRCUIT PROTECTION NETWORK WLL BECOME ACTIVATED
AND DISTORT THE WAVEFORN WHEN THE OPERATING POINT OF THE
OUTPUT TRANSISTOR INTERSECTS THE CHARACTERISTIC.

33 %]%
f153 ".E""a-c

4

33t

[] 1 E] -0 540 50 o
COLLECTOR-TO-EMTTER YOLTAGE (Vcg) - ¥

nvan

Fig. 11 — Characteristics of built-in load-line-

limiting circuit.

INPUT YOLTAGE (Vg - ¥

o] =) o n © @
OUTPUT YOLTAGE (Vg) - ¥
92CS-TSTRNS

Fig. 13 — Gain linearity characteristic.




Power Hybrid Circuits

HC2000H

POWER SUPPLY: SPLIT (Vg = £37.5V)
LOAD RESISTANCE (R ) = 49
FEEDBACK RESISTANCE (Rg) 4701
AMPLITUOE (fy = 60Hz) _ 4

AMPLITUDE (fts = 7hH; 1

3
&

&
%

|NTEIIODIILATK;§( 'DISTORTION (IMD) - %

] =

0
OUTPUT POWER (Pp) - W
AR

Fig. 14 — Intermodulation distortion with split
supply and 4-ohm load.

0.040" R
“ MIN,

LEAD SHOULD
BE UNDISTURBED

0.075% e OVER THIS
MIN. : LENGTH
92C5-19903

Fig. 15 — Recommended lead-bending
specification.
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File Number 681 HC2500

Mum-Purpose, Low—Dlstortlon o o ,
7-Ampere Operatlonal Ampllfler o

N

‘Linear- Amphftef#or Aﬁphca’uons Ain IndustnaL e . TERMINAL DESIGNATIONS = -
‘and Commercial Equ1pment e
Features:: RN S e LR RS L
- Bandw:dtb 30 kHz a! 60 w . RS

W High power output: up to 100 W(rms)
B Adjustable idling current.. .. . P

1

RCA typé HC2500e is a.complete solid-state hybrid ampli- .
ifier in a_compact hermetic package. It employs a quasi- ’
complementary-symmetry output circuit. ;

T'he HC2500 is a low-distortion,” 100-watt linear amplifier.
The output section can be externally biased class AB for T U gses—a0377 -
low inter-modutation and total-harmonic distortion. Termi- . N : e bt s
ihals are available for external frequency compensation, . - -

extarnal short-circuit protecuon and inverting and non-

iinverting inputs.; R

"The HC2500 is recommended for the foliowing applications;
sefvo amplifiers {ac, dc, PWM); deflection amplifiers, power
:operational amplifiers, voltage regulatgrs, driven inverters, .
h|—h ampllflers PA systems, and soIenond drivers. B - ’ e C

:’Derived fom RCA Dev. No. TABSS1A, T B o
; - PR T szon% Jez0a

{MAXIMUM RATINGS, Absofute-Maximum Values:
‘SUPPLY VOLTAGE: : L Wi
Between leads 1and 10 ..............on.. 75V "%

OUTPUT'CURRENT (Peak) ................ 7 A T mvermi
{TOTAL DISSIPATION: ' N
Per oufputdevice .............. PN See Figs. 4 &5 i ) ;
. TEMPERATURE RANGE: * o T tease a3
- Storage ... .i...c.i.nn i e —55to +125°C. o [
Output junction ...............:.... —B5to+150°C = re
' LEAD TEMPERATURE (During Soldering): i ol ¥
At distance 2> 1/8 in. (3.17 mm) from Co &
case for 10smax. ............. P 235°C TELECTRICALLY 1SOLATED FROM INTERNAL CirCUITRY. sees-rerim
! ) _ . Fig.1 — Schematic dlagram of type HC2500
opelatlonal amplifier.
COMPARISON CHART
TYPE IM DIST. PRgg;:}rJLN OPERATING FREQUENCY COMMUTATING
@50 mW NETWORK MODE COMPENSATION DIODES
CAPACITOR ON
HC2500 0.06% NO CLASS AB SIGNAL TERMINALS NO
LC FILTER
HC2000H 5.8% YES CLASS B ON OUTPUT YES




Powgy Hybrid C_irqyi,ls

HC2500.
L% - "‘, N R
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tp) = 25°C and Supply Voltage ( Vg)=437.5V
REFER- TEST CONDITIONS LIMITS
' ENCE OUTPUT| LOAD
CHARACTERISTIC | SYMBOL FIG. SPECIAL FREQ. POWER BESIST. MIN. TYP MAX/. U‘N‘ITS'V
NO. NOTES —hz [ tPol-W | ) Joa | 3 B
" ed NI SOSRCPI ) R NN BN SN BFEE :
easur
Offset Voltage o Ypffset , 3 | Pin3toGnd - T 4 ol f250 mV
) - ) idling Cur- ‘ T
_ . -] = | . iy
Quiescent Current lo 3 rent < 1 mA Open *30 mA
Output Voltage Swing VouT ‘ Peak dc voltage 0 200 4 28| - |- ) V N
Closed-Loop Bandwidth f-fyy:. 3 - 1 4 f'3 il kHz <
T?tal !-!armonic THD 15 1 60 4 - o3 |05 %
Distortion ; -
Closed-Loop Voltaae N . g .
- o 1 R | 4 i 31|32 =
Gain ’ AcL 3 L e P A 1 .
Thermal Resistance Rgyc 5 - - - -1 =12 ‘cw

ELECTRICAL CHARACTERISTICS (. : :
Typical Values (for Design Guidance), At Case Temperature ( Tel = 25°C and Supply Voltage ( Vg ='37.5

Open-Loop Voltage Idling cur- I . B
Gain AoL 819 | rent=50mA ! 5 4 i o Il
Input Offset Voltage Vio 20 - 0 Open —1x10 | ~ mv -
Input Offset Current lio 20 - 0. ] Open =17 - . “A :
Input Bias Current g 20 - o ) 1 Open - |20 ~ I mA
Common-Mode Input [ R
Impedance RCM .22 0.005 1] Qpen - 1 - MQ
Common-Mode input- ‘

. X 100 . - — .
Voltage Range Vicr : 05 R 4 st 21, B —V‘
Common-Mode- CMRR 0.005 0 Open —|so| -] a8
Rejection Ratio . e
Supply-Voltage Ripple- |\, _ ' 0.06 0 4 el -] a8
Rejection Ratio
Intermodufation Idling cur- . ) L
Distortion ) IMD 14 rent=50mA | 0.05 4 - [006] — o %

ACL =2 05 “ %
Slew Rate SR 18 C¢ = 100 pF Square — 4 - {43 -] Vs
Wave ) .

Idling-Current Drift A, 17 | 25°cot00°c| - - 4 - 1] - |marc
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Power Hybrid Circuits

HC2500

+Vg 18x0
—® 0.5 uF
so v
FREQUENCY it
COMPENSATION BIAS ADJUST + 1
® S0RF +vs e
INVERTING 2y ~"
INPUT DRIVE | seo s ‘I“ ©
= =
N _ .
ouTPUT R ¢ 1 s00
DIFF. 8
AL ® 500 & oF HC2500
POT.
14 T . 5 L
NON- * DRIVE 2 INPUT N &=
e ® [ @
BIAS ADJUST Ry
srg (1
0.5 uF
— - 50 v
Vs ‘ e
s2cs- 2126 = sacs-2ioTeR
Fig. 2 — Block diagram of HC2500 100-watt class AB amplifier. Fig. 3 — Typical test circuit with split supply for measuring Acy. lj.
1. Votfset. fH, THD, and IMD.
1] AVERAGE POWER DISSIPAfION IN EACH { 1 SEE FIG. 4 FOR DERATING FOR SYMMETRICAL
H ouTPUT CAN BE GALCULATED 4 AVES WITH 240 He.
g 3 FROMPriavy = Po S AND EFFICIENCY f’.: H R
g FROMA =T Yiﬂl. . WHERE Pq IS THE OUTPUT 9 &
E POWER AND Vo IS THE PEAK VALUE OF THE §
C|E GUTROT VOLTAGE., ~ 5 H
5 FOR EFFICIENCY DERATING AT HIGH z
E‘ a FREQU , SEE FiG. 10, Eu
3L u —— e
33 HHH £ H
S g’
H LEEEE o H
H ] %
a 2o s
s Y
2 A a
g, W%, ® s
= 1Y
T
: T
il 13 1 11 1
0 2 0 75 100 125 150 [ S 21 'S 100 125 150
CASE TEMPERATURE (T¢). - °C CASE TEMPERATURE (T¢) - *C
A755-4521R1 92CS-21079RI
Fig. 4 — Dissipatit {average) ing curve for each output Fig. 5 — Dissipation derating curve for each-output transistor.
transistor (for symmetrical waveforms with f >40 Hz).
10,
7 A 1o kHZ MAX.QUTPUT
< 2 SPUIT POWER POWER
| SUPPLY /
4 N PO 100 — =~ 9
Z o % 20 i VOLTAGE
& N> D3OS . ; LMY |
z . : > N L i e
o 4;./0 n? 80| >/ '
[ 4 = &Y
g 1 \ §
w =) T
S 8 & / lo |
8 ¢ 5 . 2
© . & *y . 1
= o| CASE TEMPERATURE {Tc})#25°C £ 7 . A
e (c‘uszs ugst [ nssv;‘u:p #sz ALY 3 S I
WiTR INCREASE IN TEMPERATURI
z . g / / - '\",_5 ot
2 < " d L T
] g
01| - : -
1 ] o ‘ T70° 100 0 4 20 30 40 50 &0 70 73860
Q8 'OR Q9 COLLECTOR-TO-EMITTER VOLTAGE —V B TERMINAL DC SURPLY- VOLTAGE (V5)—V
92¢5-22505 . 92C5-210800
Fig. 6 — Maximum operating area for HC2500. Fig. 7 — Output power as a function of supply voltage, with various

values of Ibad resistance, for symmetrical sine-wave opération.




Power Hybrid Circuits

HC2500

o ressTmge w155 0 = T T
SUPPLY VOLTAGE (Vg)=£37.5V ‘o uTPur powER (o 2o w ]
o | MID-BAND OUTPUT POWER:25 W
K
[ A w -25
z ]
z ~ w s
3 4N 2 -s0
w 80 N a
< NN i
5 IS o -G £ T8
q 0 v S .
. N : ~
£
3 1S N w -100
S ; N | N @
3 I 0" \?ﬁ— i = N
z . O L NN -2
2 ; & N
o 20! { 4, H
S | N MY N
| NN -150
- RN
(] \ l ». NS -175
102 10° 10t 10° 10 107 102 10® 0% 10° io® 107
. FREQUENCY (f1—Hz FREQUENCY (f1— Hz
92€S- 21081 92052108281
Fig. 8 — Typical open-loop voltage gain vs. frequency. Fig. 9 — Typical open-loop phase shift vs. frequency.
s - 3001 45E TEMPERATURE (Tg)=25%C
POWER SUPPLY: SPLIT (Vghs £375V H HHERHE H
CASE TEMPERATURE (T¢) = 25°C < T Tl
07 a t H
2 s 701 +
] _!. E I
F s ] AN N . ® 2ol 2t
R \g - I F 353 ¥
& %y B 1 HHHHH
g o P H 1il : H
£ . -
& PEAX LOAD CURRENT (ig) = 2 & & H g
4x o4 a2 : HE H
: y Bl e
H . « 220 4 5
3 93 IFGRTENPERATURE DERATING, THE = i HATH Hiih
[AVERAGE POVER DISSIPATION IN EACH B 20
02[CUTPUT TRANSISTOR CaN 8 CAL.
Z1CULATED FROM Priav) = F 'z:"‘ N 200 :
ol | | 80 ‘ ik
113 2 . L4 8 8 WK 7 4 6 B 100K P t HHT
FREQUENCY(h - H: © 10 20 30 40 50 €0 70 B0 90 100 HO

& J . ]
msen OUTPUT IDLING CURRENT {I;)—mA

$2CS5~2I0A3RI 5
Fig. 10 — Maximum efficiency vs. frequency for several values of

peak:load current. Fig. 11— Bias resistor (Rg in Fig: 3 ) vatue vs. output idling

current {1;}.

00 o} -1}

1 aureur VOLTAGE, PEAK (Vpu) = 21V [ H H E AN
o b :80%F
N - i ~
= H s Cc =500 9F NS
H HERS of == C¢ 2100 oF
e z -
@ Sl tsee Fie. 3
L. L
3 3 T
g L o ai| N
S e T N
5 3 Vg*237.5¥
o ian
8 2 LRyre
£ 5 1;=50mA :
a0 NN -
§ £ {9 - 7
3 s Hit M
F3
3 NOTE: LOW-FREQUENCY RESPONSE
E4 3! N DEPENDENT UPON INPUT NETWORK '
= { { 1 } } i % “{ ‘1 F SND—AC FEE(DBI)\CK COUPLING N
~ APACITOR (C
FiananaRaRuAN) o N/ i
.0 10 220 130 240 o 260 =0 1680 190 10 7ot w0* B 04 08 10®
LOAD PHASE ANGLE {#) - DEGREES 0205-22542 FREQUENCY (f) — Hz
92CS-22504
Fig. 12 — Minimum load impedance vs. load phase angle and safe Fig. 13 — Output power vs. frequency.

area of operation.
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e Power Hybrid Circuits

HC2500

'°g POWER-SUPPLY VOLTAGE (Vg)=#37:5 V . 108] SUPPLY VOLTAGE (vg)=2375V
& BIAS CURRENT SET AT 50 mA 2 5| LOAD RESISTANCE (R )=4 &

1 4| INPUT SIGNAL:. AMPLITUDE (f( =50 Hz) 4 1 %] (oLING CURRENT SET AT 50mA

] AMPLITUDE (FH=7 kHz) 1| 2 AT T¢=25°C -

E 2 =

g g !

= B

g g

b e 5

=3 a 1 10 kH A

20 kH

g 2 y 757

I 5 N

3o T 50mA £ 0l T

E 2 Care H : =

g L[ z-ooma |1 A7 5 . 018 kH:

I - P - g

E 2 oot ~50° e

z o . R ]

oot I"Hjl | 0.01 L i
oo 2 4% 2 8, 488 2 4 C%0 0.0 ol ) o %00
RMS OUTPUT POWER (Pg)—~W E RMS OUTPUT POWER—W
925 -21088RI g 92CS-21086R!

Fig. 14 — Typical intermodulation distortion vs. rms output power. Fig. 15 — Typical total harmonic distortion vs. rms output power.

Vg=£37.5V o5 : -
R s48 e
G *300 pF
CIRCUIT SHOWN IN FiG.3 ]
: o1 BT '
Y] e 0B i i )
. 2 B .
5 g i
° Hi | b -
.1 oshs 2
. .z 3
irs 531
s z =
: 1z L
@
L 2 #
@
AT
fasiiathiiths
TR
tiss e il i
. 3 15 20 25 -

5
’ -~ RMS OUTPUT VOLTAGE (vg)—V -
92¢5-22506

Fig. 16 — Input sensitivity. e

Vge13T5V
C¢=0.001 uF

R =40

1401 INPUT OPEN

CIRCUIT SHOWN IN FIG.3

i
1 i

SLEW RATE—V/us

I0LING CURRENT (X{)=~-mA

H H.
i i .
ao L © 100 200 300 400 500 600 700
) 20 40 60 80. 100 R COMPENSATION CAPACITANCE (Cc)— pF
CASE TEMPERATURE {Tg)— °C . - . . 92¢5-22508
92¢5-22507 - B - - e -
Fig. 17 — Typical idlingcurrent dirft. Fig. 18 — Typical slew rate vs. valug of compensation capacitor,

Cy (test circuit shown in Fig. 21).




Power Hybrid Circuits

HC2500

SOuF 12V

v .
VIO = — 3y with iy and Ry shorted

f Wv"
o -
92¢5-22509 :VD
P NN . -~ i "wm'iﬂ“n“"ﬂ
Fig. 19 — Test circuit for open-loop gein and phase response.

92¢$ - 22510

Fig. 20 — Test circuit for input offset voltage and current test.
12500 Hz 2k
- AN
+H- '
IkQ c.

O
INPUT

1kQ

HC2500

x* R = 9 Rg with sris casistance (Rs) incraammd
= 2ero until output voltage (V) in reduced by 10%.
92¢s-2251 92¢5-22512
Fig 21 — Circuit used to test slew rate. :

Fig. 22 — Test circuit for

-mode input r

TYPICAL APPLICATION CIRCUITS
L R¢

i ] =t 2

I -lslaas

Cy should be chosen o limi Lidiy /dt} during rapid transitions of
e input ‘without limiting required output performance.
Rg shouid be chomn us high a5 possible without limiting required
output parformence.

Sy
92cM- 2283

Fié. 23 —:Cumnt-fudnck motor-control circuit.
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Totat de-toad resistance soul] be 21 high as possible 2.2k - v
‘without limiting required output perfarmance. e . A
“Sée Data Bulletin File 531.

92cu-22514

Fig. 24 — Voltage-feedback motor-control circuit.

Pusk output current = 7 A

Fig 25 — AC motor control.

92¢s-225(5

[ 33 18k

PHASE
INVERTER T 18kE

Aygpg =SBVIV
PO(AV) = 200W st Tg = 25°C, Ry =452, Vg =: 34V

Fig. 27 — Bridge circuit for loads greater than 100 watts.

92cM - 22517

Power Hybrid Circuits

HC2500

92CS-22516

Fig. 26 — High-power astable multivibrator.
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