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Abstract

This project presents a study of operation of single-phase AC/DC converter,
whish power can be bidirectly flowed. During the normal direction, the power flow from
the AC input to the DC side ,the converter acts as a rectifier, the input current almost
inphase with input voltage and a power factor is nearly unity. During second direction,
the power flow from the DC side to the AC input ,the converter acts as an inverter, the
input current almost 180 out of phase with input voltage and a power factor is nearly
unity. The magnitude and direction of power flow are controlled by current control
method by using fixed band adaptive current controlled technique, which the input
current is sensored to compare with sine reference current to make input current is nearly

the same as sinusoidal. The power factor is well and low harmonic current .
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DFi = HFi = THDi = X In" x100% (2.43)
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HD, = THD, = "' x 100% (2.44)
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/Zlnl

n=2 0
i</ TR /= x 100% (2.45)

/ Zln2

n=1

IEC 555-1;19892

' o 4
ﬂ']lw'lnaﬁllﬂﬂlﬁﬂi (PF) ﬁ]gﬁ'l‘lﬁ%']ﬂ

PF = P (2.46)
S
alamn
PF = V{,COS®I = I,COSPI | (2.47)
Vil N

Displacement power factor (DPF) gﬂﬁmuﬂ“lugﬂllﬂulmﬁmmyn @1 1anee

DPF = COS®1 (2.48)
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3.3 2933 Voltage regulator power supply

sy 7805
AC220V - + HIN OUT| ® ® o)
7—4700 uF —470 uF To.l uF
® O
7815
15V
= 9 IN OUT] L 4 ¢ O+15V
% Cl
AC 220V l > T 4700 uF ——470 uF 0.1 uF
4700 uF 470 uF 0.1uF
& IN OUT] ® ® © -15V
7915

g‘ﬂﬁ 3.2 7999 Voltage regulator power supply
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1.2993n5dud e ninasguoms Wi
2.29959 459U (MULTIPLIER VOLTAGE)
3.29930 5 U s Swunszuaady lneld LEM
4.1995 COMPARETOR 1) BANG-BANG

5.39393 DEAD TIME

SINE REFERENT
REFERENT
CURRENT COMMAND CURRENT  (Is*)
—> MULTIPLIER P
CURRENT SIGNAL TO THE
MODE - SWITCHMODE
CONTROL CONVERTER SWITCHS

ACTUAL CURRENT (Is)
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220/6 V 0K | 3 Yo LM
M = 10 K 351 +
AC . —A\N—4
PHASE +15V| 10K LM
-0 351
1 1 10Kz g 1 10k
-15V

Ui 3.4 nesasndudygralainnssuy i
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1 Vp-p 84 15 Vp-p 71 R Ufuenld dyanslainldAnmwazld 1 vp-p

2002/03/20 21:04:43

CH2=1V Sms/div
bC 11 (5ms7div)
- NORM:200kS /s

=Trace2= P-P  2.000V Max  1.000V Min  —1.000V
Rms  684.0mV .  Freq 50,00Hz  Duty 50.5%

=Filter= =Offsetl= =Record Length= =Trigger=
Smoothing : ON CHY o.ov Main 10K Mode @ AUTO
BW @ FULL CH2 : 0.00v Zoom @ 200 Type : EDQE CH1 $¢
Delay : 0.0ns
Hold Off : MINIMUM
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Stopped

2002/03/20_21:15:27
Sms /div
(5ms /div)
NORM:200KS /5

CH2=1V
Dc 111

Sarere—”

=Trace2= P-P 4.400v Max 2.180V Min =2.24a0vV
Rms 1 .5:‘!{8‘/ F_I' £q ‘s_O.UOHz‘ Duty 51.0%

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON CH1 : o.ov Main 10K Mode @ AUTO
BW : FuULl CH2 : 0.00v Zoom : 200 Type : EDGE CH1 $¥
Delay : 0.0ns
Hold Off @ MINIMUM

51 3.8 nansdananizuadNdeINMIgUnszIamIdIaY

343 299505103 Unszumasamunszuaaavlaaly LEM

+15V aonn bk 1

L TOBANG-BANG

+15Vo— |
LEM

-15Vo—|

a < v o z
51/ 3.9 wevsnsrTunszuaISedmnszuaadulaely LEM

ﬁ'ﬂ;ﬂpmﬂszum?aﬁ"lﬁ'Mf\ﬂﬁ5’@1% LEM sziivuiauazlanouiny
Ty unszuad1ade uazA1wes CURRENT COMMAND 9210niean1zmsiniy
¥99 SWITCH MODE CONVERTER #11/53 CURRENT COMMAND u19n
Fyannszuadudeas 18dagli 3.10 247} SWITCH MODE CONVERTER #1011
%79 RECTIFIER uadn1l$y CURRENT COMMAND Wuaudaisinszuasiadens

v I4
‘|@wa317 3.11 9231 SWITCH MODE CONVERTER %1971%39 INVERTER
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Stopped ] 2002/03/20 21:39:46
CH2=200mV - Sms/div
pC 11 I (5ms/div)
s + NORM:200kS /s
I~ 1
i

Ap[reebEechy

e ]

R

=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : ON CH1 : o0.ov Main : 10K Mode : AUTO
BW @ FULL CH2 : 0.000vV Zoom @ 200 Type : EDGE CH1 §}
Delay : 0.0ns
Hold OFFf : MINIMUM

Y o g (Y a o o
qil‘lj‘ﬁ 3.10 uaen ﬂluflt.}'liuLBWVW!Vl“UEN'Ni)'iﬂi'mi)‘]JﬂiZLLﬁ‘UiQIﬂUﬂi%LLﬁﬂTﬁQU')ﬂ

Stopped g 2002/03/20 21:54:52
CH2=200mV ] T Sms/div
DC 11 L (5Sms/div)
) NORM:200KS /5.
n H

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : 0.0v Main : 10K Mode : AUTO
BW @ FULL CH2 : 0.000V Zoom : 4K Type : EDGE CH1 ¥
Delay : 0.0ns

Hold Off : MINIMUM

§ @ d @ a o w
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3.4.4 29935 COMPARETOR itU1 BANG-BANG

CURRENT REFERRENT__10.K |

_>—¢— TO DEAD TIME

+
CURRENT ACTUAL /-f
10K 10K
10 K

51/ 3.12 71995 COMPARETOR 11111 BANG-BANG

sihdaansziadideildnnmsguiudygaiinsnannaszianialing
é 1 1 o
19 1ae LEM G192 ldmasaiilua1 ERROR ud g 18 HYSTERESIS 1uy FIXED

BAND Seansalsuanunidreues BAND 1d1as R USuarla

Stopped ] 2002/03/20 21:41:53
CH2=20mV 1 : < T Ims/div
pC 11 1 : : © (Ims/div)

| NORM:IMS/s

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : o.ov Main : 10K Mode : AUTO
BW : FULL CH2 . 0.0000V Zoom @ 200 Type : EDGE CH1 §}
Delay : 0.0ns
Hold Off : MINIMUM
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Stopped 4 2002/03/20 21:23:44
: CH2=10V ; : 20ms /div
DC 1001 I (20ms /div)

3 NORMZS()I(S/_S

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.0v Main : 10K Mode © AUTO
BW : FULL CH2 : 0.0v Zoom @ 250 Type : EDGE CH1 f}
Delay : 0.0ns

Hold Off :  MINIMUM

Y @ d U [} &
510 3.14 nansdrygoneminnuedssnouda i dead time

3.4.5 N33 DEAD TIME
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31U 3.16

2T o
12

1514
1418
13118
12132 5

4081 4766 7404

4 cpo ——II : [: To Gate Drive
5 cpi

6 DA
7 DB

9NB 4081 a0 7404

LSS

Input

To Gate Drive

3 MR

7404
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Stopped 3 2002/03/23 20:01:42
CHI=1V CH2=1V < 100us /div
DC 111 DC 111 T © (100us/div)
5 H NORM:10MS/s
apf et L -
=Tracel= Max 1.560V Rms 1.320v :  Freq 6.579kHz
=Tracez= Max  1.640Y Mg ... Freq, B SETRNE
=Filter= =Offsel= =Record Length= =Trigger=
Smoothing : ON CH1 : 0.00v Main : 10K Mode @ AUTO
BW | 20MHz CH2 : 0.00v Zoom : 2K Type : EDGE EXT &
Delay : 0.0ns
Hold Off : MINIMUM

51]7] 3.16 HaRId

3.5 19951l93nu

29951leanunsZIAINY

From REM

6802

ATRGITNY 16BTI19938unomes lun e

+15V

LM353

+5V
Low Pass
Filter 393 17K T04 ~[104
\ 10 K62
MV

\?\_f\_.

VR +

10 K42

4 . o
310 3.17 29asdlesiunszumiy
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220V
218V
12°
(V| IVoon|sin®)
XL

|220]|218]sin12°

XL
27TF =R
26 mH
26 mH
Vs — Vconv
JXL

30 %07 » $720LL40°

i8.31

NI A

mseenuuusanieniilaseada)

VL =

Vi =

VL =

VL =

WA Ac

i

A
DNLUNH

Ac

26 mH
551 A
50 Hz

2TCLxIs

2TTx50x0.026x5.51 =

4.44fNBAc
4.44x50xNxLxAc
5.58 5.58

< K
2UIXx2UD

4 M151917

45V

b
2.82 151997
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N = 45 = 78.54 50U
4.44x50x1x4x(2.54)'x10”
fimua J N 2 A/mm’
YUIADIN = 1 = 551 = 2.755 mm’
] 2
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Diode rectifier

P(watt) | voltampare | pE | DPF 2 | THDv I THDi | V.

0.17k | 036k | 046 | 1 220 12 156 | 882 | 305

032 | 065k | 05 1 220 1.3 3 86.5 | 303

048k | 092k | 052 | 1 220 1.5 417 | 849 | 301

0.6k 12k | 054 | 1 220 1.4 535 | 83.7 | 300

0.8k 14k | 055 | 1 220 i.6 67 | 828 | 297

1k 17k | 057 | 1 220 17 78 | 81.8 | 297

Rectifier (switch mode converter)

P(watt) | volttmpare | pp | DPF \ THDv I | THDi | V,. | Veonvl | 3 0
0.17k 117 | 096 | 098 | 221 0.8 081 | 129 | 361 | 3187 | 186
0.32k 320 | 098 | 099 | 221 0.8 146 | 7.1 | 327 | 3141 | 352
048k | 480 | 099 | 099 | 220 0.8 219 | 42 | 337 | 3163 | 527
0.6k | 061k | 099 | 099 | 220 0.8 276 | 38 | 328 | 3141 | 664
081k | 08 | 099 | 099 | 220 0.8 372 | 29 | 337 | 3159 | 893
Ik Ik 1.00 | 099 | 220 0.8 461 | 25 | 368 | 3169 | 11
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15197 4.2 nanems Noimae Iif91nd 1 DC ndadu AC 1 Vde =290V

Pway | Y@ | PF | DPF | V |THDv| 1 | Iref | THDi | Vdc | Veonvl | WO |virg
73 |74 099 | 1.0 221 |06 037 |05 |105 [370 |22331 |08 |290
175 | 175 10 |10 222 |05 079 |1 36 |370 22508 |19 |290
027K | 027k |10 |10 220 |07 |12 |15 |22 |345 22544 | 294 |290
037 | 037k |10 |10 220 |08 | 166 |2 16 | 345 22591 | 407 |290
045k | 045k |10 |10 722 AN/ /145 1.4 NDads 22654 | 4.83 |290
057k | 057k | 1.0 |10 222 |08 |255 |3 18 340 |22652 |613 |290
0.56k | 0.67k |10 | 1.0 222 |09 |255 |35 |15 {340 |22800 |7.05 |290
066k |067k |10 |10 222 |09 |3 4 14 [340  |22979 |860 |290
081k |08k |10 |10 Pl GAY -3 a6y €y BT o 2 Y 9.51 |290
0.9k - | 0.9k 10 |10 223 |08 |403 |5 12 |340  |23145 |105 |290
k |Ik 099 | 1.0 223 |07 449 |55 |14  |335 23171 | 112|290
1INAITHANISNAABIA TN AAT A1 1Anedl

SN el -

o

§150

100+

Ty e I

Piwatt)

11 421 uermsmsifasunlasves v, 1MoUAY P(watt)
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A15197 4.3 uarnems 918189 IA191nd 1w DC wddu AC# Vde =270V

Pewaty | Volampere | pp | DPF | v | THDv | I | Iref | THDi | Vdc | Veonvi | W8 | vir
73 75 098 |1 220 |05 034 |05 103 |360 |22233 |0.80 |270
175 | 175 1.0 |10 |221 |05 08 |1 3.5 360 | 22336 |191 |270
0.25K | 0.25k 1.0 | 1.0 221 0.5 1.11 1.5 23 340 223.88 | 2.72 270
036k | 036k |10 |10 |221 |06 1.63 |2 1.5 340 | 22451 |3.92 | 270
045 |045k |10 |10 |221 |05 204 |25 1.5 340 | 22597 |4.87 | 270
055 |055 |10 |10 |221 |06 249 |3 7.9 320 | 22687 |591 |270
0.66k | 0.66k 1.0 1.0 221 0.6 297 |35 2.1 320 22746 | 17.12 270
0.77kx | 0.77k 1.0 | 1.0 222 0.6 346 |4 3.33 320 229.88 | 8.17 270
0.87k | 0.87k 1.0 1.0 222 0.6 39 4.5 3.65 320 231.9 9.16 270
0.96k | 0.96k 1.0 1.0 223 0.6 4.33 5 4.9 320 23348 |10 270
1k |11k 099 |10 |223 |07 498 |55 115|310 {23177 |1157 |270
NNAIHHANINABIEINITaIAIIEHAIA1eY 1A 5
B S, (A ——
5@ :
200 400 pgt) 800 1000 1200

waaemsilfounasues v, Meui P(watt)
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A5197 4.4 uanens 2wiae IH9InaIU DC Wdsd i AC A1 Vde =250 V

P(watt) | Yolampare | pF | DPF| V | THDv | 1 | Iref | THDi | Vo | Veonv, | & |virg
74 76 098 | 1 | 221 04 | 035 | 05 | 101 320 | 223.16 | 0.81 |250
157 157 10 | 1.0 | 221 05 | 072 | 1 4 320 | 22408 | 1.59 |250

027 | 027k | 1.0 | 1.0 | 221 0.5 12 | 15 72 330 | 22453 | 2.65 |250
037k | 037k | 10 | 1.0 | 221 05 | 165 | 2 1.5 330 | 22483 | 3.86 |250
047k | 047k | 10 | 1.0 | 222 0.5 21 | 25 12 320 | 22514 | 421 |250
0.55k 0.55k 1.0 1.0 222 0.5 2.5 3 1.2 320 226.88 5.97 | 250
0.66k | 066k | 1.0 | 1.0 | 222 Ba a7/ /V /35 1.9 320 | 22701 | 7.24 |250
077k | 077k | 1.0 | 1.0 | 222 07 | 346 | 4 5.1 320 | 22891 | 8.46 |250
0.89%k 0.89k 1.0 1.0 222 0.8 4 4.5 6.7 310 230.17 9.53 |250
0.99k 1k 1.4 /| 47 X 228 09 | 452 | 5 739 | 305 | 23142 | 104 |250
NNATHANITNARBI NI DAL HAA1eY TAAeTl

: .;::;‘I M

< 150 L

aoob

o S oo 2w
: Pfwatt)

51/ 429 uansmsiaenudases v, ouny Pwatt)
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A15197 4.5 uaraams 91emae 91U DC iR AC 11 Vde =220 V

Pewaty | Volampere | PR | DPF | V| THDv | 1 | Iref | THDi | Vp. | Veonvi | W8 | vir,
51 55 093 | 06 | 221 | 301 | 025 | 05 30.7 300 | 214.67 | 0.56 | 220
161 173 093 | 0.99 221 0.5 0.78 1 344 300 215.91 1.77 | 220

026k | 028k | 094 | 099 | 221 06 | 126 | 1.5 | 33.1 290 | 216.21 | 2.89 | 220

0.35k 0.38k 0.91 0.99 222 0.7 1.72 2 38.1 280 218.20 | 3.84 | 220

043k | 047k | 092 | 099 | 222 0.9 et 3 37.2 280 | 218.54 | 474 | 220

053 | 059 | 091 | 098 | 222 | 09 | 265 | 3 38.4 275 | 218.77 | 591 | 220

0.62k 0.68k 0.91 0.98 222 0.8 3.08 3.5 373 270 220.74 69 | 220

074k | 081k | 091 | 098 | 222 LN =36 EA 37 270 | 22126 | 826 | 220

0.85k 0.94k 0.91 0.98 222 &) 4.2 4.5 37.8 260 221.63 9.6 | 220

0.94k 1.04k 0.91 0.98 222 1.1 4.68 5 37.6 260 221.72 | 10.6 | 220

1.03k 1.16k 098 | 0.97 222 1.1 521 5.5 38.8 255 221.86 11.7 | 220

NAASHHANTINARBIE NI IR TIE A 1Adeil
§1so
100+
T 0 &0 1000

51 433 wansmsnfaonalasues v, ifouny P(watt)

1200
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Stopped g 2002/03/24 23:08:15
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Stopped b 2002/03/24 23:15:18
CH1=500V CH2=5V : T 5ms/div

DC 100:1 DC 11 E 1 : : (5msydiv)

510 4.43 AR VL AUNTZUE Is

. Stopped
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2002/03/24 23:20:56
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: (Bmsydiv)
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CH1=500V CH2=5V - : : 5ms/div
(5msydiv)
IORM:200KS /s

DC 100:1 DC 111
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pc 1001 : oc 1l 9 i i i (5msydiv)
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namananeanUszaNEmmiazMEIMIgUITEveIID3

mssnalnsdlalen

A1519N 4.6 LaRIMIMA1TTaANSNIN

(VaC(V) 220 219 \ 220 220 220 220
Tac(A) 1.4 2.6 ! 3.61 4.65 5.59 6.5

MC(A) 303 298 \ 298.7 295.87 | 294.2 293.1
Idc(A) 0.537 1.069 ‘ .57 2.09 2.60 311
S(VA) 311 572 , 800 1027 1237 1442
Pin(watt) 165 323 472 625 773 921
Pout (watt) 162.9 318.9 469 620 766 913
cosO 0.531 0.565 0.59 0.61 0.62 0.64
Converter loss (Watt) | 2.1 4.1 3 5 f 8
%T] CONVERTER 98.7 98.7 99 99.2 99.1 99.13 J
masnalislaamsaing
m3eh 47 uaaansmaszantam

RC(V) 219.9 220 11 218.8 218.74 | 218.9 218.7
lac(A) 0.8 1% \ 2319 2.74 38 4.72
Vdc(A) 344.1 343.1 " 338.8 331.2 340 369.2
Idc(A) 0.38 0.76 l\ 1.14 1.49 1.94 2.06
S(VA) 1752 330.7 478 598.9 829.9 1032
Pin(watt) 170.6 327.7 475.4 596.5 829.3 1029
Pout (watt) 131.4 261.4 384.9 495.2 664.2 761.2
cosO 0.97 0.99 0.99 0.996 0.997 0.997
Converter loss (Watt) | 39.2 66.3 90.5 101.3 179.5 267
%T] CONVERTER & 79.7 80.9 83 80.1 74
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M15191 4.8 LaaIMIMalseansan
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Vac(V) 220 220 220 220 220 220
Tac(A) 0.67 1.28 1.98 2.49 3:17 422
Vde(A) 326 336.3 | 3085 | 318 334 358
Idc(A) -0.53 -097 |-157 |-1.96 |-232 |-3.01
S(VA) 146.7 2839 | 4406 |5522 |7059 |9349
Pin(watt) (DC) -173.15 | -329 -485 -605.2 | -796.2 | -1080
Pout (watt) (AC) -145.6 -283.4 | -438.8 |-551.5 |-705.5 |-933.9
cosB A0T992 -0.998 | -0.996 |-0.998 |-0.999 |-1
Converter loss Q703 45.6 46.2 534 90.7 146.1
(Watt)

%T) CONVERTER 84.1 86.1 90.4 91.1 88.6 86.4
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE

[E B:rrp

. Vurc
. UFo
. Up

. Vupl

. VFo
. Ve
. Vvp

Fo
Br
Vre
WH
Vi
VN

. VwpC

1
2
3
4
5. Vvec
6.
7
8
9
10.WFo

11.We
12.Vwei
13.Vne
14.Vni
15.BR
16.UN
17.VN
18.WN
19.Fo

AD~~{— ~s
s t_ ] i
N ﬂ 12 6 3181719 ’
T [ i HH me
J S
_'_L_—;{ AB (15 TYP.) D C
K {
AD z
tz Het=H —~ W -DIA.
T DIA (4TYP.)
(4TYP)
0.5 MM SQ. PIN (19 TYP.)
250 TAB (6 TYP.)
| X
CEE e TJF
[ : ]
1 %
3/ i

|
i

GND GND
w
Fo
s1F
out_ Ve
T,

st
out
GND GND)

— e —— - —— —— —

Description:

Mitsubishi Intelligent Power Mod-
ules are isolated base modules de-
signed for power switching applica-
tions operating at frequencies to 20
kHz. Built-in control circuits provide
optimum gate drive and protection
for the IGBT and free-wheel diode
power devices.

Features:
0 Complete Output Power
Circuit

[0 Gate Drive Circuit

1 O Protection Logic
— Short Circuit
— ——— AN Y RRAR — Over Current
— Over Temperature
Outline Drawing and Circuit Diagram — Under Voltage
Dimensions Inches Millimeters Dimensions Inches Millimeters Applications:
O Inverters
A 3.96+004 1005+1.0 Q 0.41 ] UPS
B 348+002 885+05 R 0.39 ] Motion/Servo Control
c 276+004 70.0%1.0 s 0.394 +0.010 10.00+ 0.25 [0 Power Supplies
D 230+002 585+05 T 0.39 Dia. Dia. 10.0 . .
E 1191+0.02 30.25+0.5 U 0.364 Ordering Information:
Example: Select the complete
F 0.83 21.0 v 0.24 part number from the table below
G 0.75 19.0 w 0.18 Dia. Dia. 4.5 -i.e. PM25RSB120 is a 1200V,
H 0.73 18.5 X 0.16 25 Ampere Intelligent Power Mod-
J 0.71 18.0 Y 0.12 ule.
K 0.69 175 z 0.88+0.02 2.25+05 Type Current Rating VeES
L 0.67 17.0 AA 0.086+0.02 2.18+0.5 Amperes Volts (x 10)
M 0.581 14.76 AB 0.079 £0.010 2.00 £ 0.25 PM 25 120
N 0.541 13.75 AC 0.06
P 0.541 13.74 AD 0.01+0.02 025+05
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Absolute Maximum Ratings, Tj =25°C unless otherwise specified
Ratings Symbol PM25RSB120 Units
Power Device Junction Temperature Tj -20 to 150 °C
Storage Temperature Tstg -40 to 125 °C
Case Operating Temperature Tc -20 to 100 °C
Mounting Torque, M4 Mounting Screws — 0.98 ~1.47 N-m
Module Weight (Typical) — 330 Grams
Supply Voltage Protected by OC and SC (Vp = 13.5 - 16.5V, Inverter Part, Tj = 125°C) Vcc(prot.) 800 Volts
Isolation Voltage (Main Terminal to Baseplate, AC 1 min.) Viso 2500 Vrms
Control Sector
Supply Voltage (Applied between Vyp1-Vupc, Vvp1-VvPC, Vwp1-Vwpe. VN1-VNC) Vb 20 Volts
Input Voltage (Applied between Up-Vypc, Vp-Vvpc, Wp-Vwpc, UN - VN - WN - B-VNne) VeIN 20 Volts
Fault Output Supply Voltage Applied between (Upo-Vupc, Vro-Vvpc: Wro-Vwpe, Fo-VNe)  VFoO 20 \olts
Fault Output Current (Sink Current at Uro, VFo, Wro and Fo Terminal) IFo 20 mA
IGBT Inverter Sector
Collector-Emitter Voltage (Vp = 15V, VgIN = 15V) VGcES 1200 Volts
Collector Current, (T¢ = 25°C) Ic 25 Amperes
Peak Collector Current, (Tg = 25°C) Icp 50 Amperes
Supply Voltage (Applied between P - N) Vce 900 Volts
Supply Voltage, Surge (Applied between P - N) Vec(surge) 1000 Volts
Collector Dissipation Pc 132 Watts
Brake Sector
Collector-Emitter Voltage VCES 1200 Volts
Collector Current, (Tg = 25°C) Ic 10 Amperes
Peak Collector Current, (T = 25°C) Icp 20 Amperes
Supply Voltage (Applied between P - N) Vce 900 Volts
Supply Voltage, Surge (Applied between P - N) Vco(surge) 1000 Volts
Collector Dissipation Pc 62 Watts
Diode Forward Current IF 10 Amperes
Diode DC Reverse Voltage VR(DC) 1200 Volts
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Electrical and Mechanical Characteristics, Tj = 25°C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max Units
Control Sector
Over Current Trip Level Inverter Part oc -20°C < T £125°C, Vp = 15V 32 62 — Amperes
Over Current Trip Level Brake Part 15 30 — Amperes
Short Circuit Trip Level Inverter Part sC -20°C < T £125°C, Vp = 15V — 101 — Amperes
Short Circuit Trip Level Brake Part — 41 —  Amperes
Over Current Delay Time toff(0C) Vp = 15V — 10 — us
Over Temperature Protection oT Trip Level 111 118 125 °C
OTy Reset Level — 100 — °C
Supply Circuit Under Voltage Protection uv Trip Level 11.5 12.0 12.5 Volts
UV, Reset Level — 125 — Volts
Supply Voltage Vp Applied between Vyp1-VUPC, 13.5 15 16.5 Volts
Vypi-Vyvpc, Vwp1-Vwpe: VN1-VNC
Circuit Current Ip Vp =15V, Vgin = 15V, VN1-VNC — 44 60 mA
Vp =15V, Vgin = 15V, Vxp1-VXpPC — 13 18 mA
Input ON Threshold Voltage Vih(on) Applied between 1.2 1.5 1.8 Volts
Input OFF Threshold Voltage Vin(off) Up-Vupc: VP-VVPC: Wp-VwpC, 1.7 2.0 23 Volts
Un - VN WN - BrVne
PWM Input Frequency fPwM 3-¢ Sinusoidal — 15 20 kHz
Fault Output Current IFO(H) Vp = 15V, VEo = 15V — — 0.01 mA
IFo(L) Vp = 15V, VFo = 15V — 10 15 mA
Minimum Fault Output Pulse Width tro Vp = 15V 1.0 1.8 — ms
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

FLAT-BASE TYPE
INSULATED PACKAGE
Electrical and Mechanical Characteristics, Tj = 25°C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
IGBT Inverter Sector
Collector Cutoff Current IcES Ve = VcEs, Tj=25°C — — 1.0 mA
Vce = VcEs, Tj = 125°C — S 10 mA
Emitter-Collector Voltage VEC -lc =25A, Vp = 15V, VgiN = 5V — 25 3.5 Volts
Collector-Emitter Saturation Voltage VCE(sat) Vp =15V, Vgin =0V, Ic = 25A — 25 3.5 Volts
Vp =15V, Vgin =0V, Ig = 25A, — 22 32 Volts
Tj=125°C
Inductive Load Switching Times ton 0.5 1.0 25 us
ter Vp =15V, VgIN=0 & 15V — 0.15 0.3 us
tc(on) Vce =600V, Ig = 25A — 0.4 1.0 us
toff Tj=125°C — 2.0 3.0 us
tc(off) — 0.7 1.2 us
Brake Sector
Collector-Emitter Saturation Voltage VCE(sat) Vp =15V, Vgin =0V, Ic = 10A, — 2.8 3.8 Volts
Tj=25°C
Vp =15V, Vgin =0V, Ic = 10A, — 25 3.5 Volts
Tj=125°C
Diode Forward Voltage VEM -lc=10A, Vp =15V, Vg|Nn = 5V — 2.5 315 Volts
Collector Cutoff Current IcES VcEe = VcEs, Tj=25°C — — 1 mA
VcE = VcEs, Tj = 125°C — — 10 mA
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Thermal Characteristics
Characteristic Symbol Condition Min. Typ. Max. Units
Junction to Case Thermal Resistance Rith(j-c)Q Each Inverter IGBT — — 0.95  °C/Watt
Rih(j-c)F Each Inverter FWDi — — 2.5 °C/Watt
Rth(c-HQ Each Brake IGBT —_ — 2.0 °C/Watt
Rih(c-)F Each Brake FWDi —_ —_ 2.5 °C/Watt
Contact Thermal Resistance Rth(c-h) Case to Fin Per Module, — = 0.036 °C/Watt

Thermal Grease Applied

Recommended Conditions for Use

Characteristic Symbol Condition Value Units

Supply Voltage Vce Applied across P-N Terminals 0~800 \Volts
Vb Applied between Vyp1-Vupc, 15+15 Volts

VN1-VNG: Vvp1-Vvpe, Vwp1-Ywpe

Input ON Voltage VCIN(on) Applied between 0~0.8 Volts

Input OFF Voltage VCIN(off) Up, Vp, Wp, UN, VN, WN, Br 40~Vp Volts

PWM Input Frequency fPwM Using Application Circuit 5~20 kHz

Minimum Dead Time tdead Input Signal >25 us

Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Inverter Part
SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION OUTPUT CHARACTERISTICS
CHARACTERISTICS (TYPICAL) VOLTAGE CHARACTERISTICS (TYPICAL) (TYPICAL)
3.0 T 3.0 30 | B T
| Vp=15V I u Tj=25°C 15
@ Vein =0V B - Vein = 0V
£ 25 L 7 s 5 25 P~ g 25 PN - /
g |p===T=125°C z = g vor 1V /13
= I+} Tl
z i o - = L S
g20 — pr i 55 20 ) /
o // = 2o = / ;
w -
215 te” 52 15 5 15
- @ Z
5 -’ i} =
g 2 E & o
é 1.0 3 1.0 510
[+ 4
3 o lc=25A —f— 3
2 Q Voin =0V
E 0.5 w 0.5 CIN - o 5
x g PR, T, =25°C o /
o ===Tj=125°C"]| A
O 0 1 1 1 0 ]
0 10 20 30 0 12 14 16 18 20 0 0.5,._10 15 %20 25 30
COLLECTOR CURRENT, I, (AMPERES) SUPPLY VOLTAGE, Vp, (VOLTS) COLLECTOR-EMITTER VOLTAGE, Vg, (VOLTS)
SWITCHING TIME VS. SWITCHING TIME VS. REVERSE RECOVERY CURRENT VS.
COLLECTOR CURRENT (TYPICAL) COLLECTOR CURRENT (TYPICAL) EMITTER CURRENT (TYPICAL)
10—y 101 — 101 102
E Ve = 600V Ve =600V = @
FVp=15V H EVD=15V H- E
[ Inductive Load 0 | Inductive Load 7 s
I [—Tj=25C S [—7=25c 3 [ ===T;= 125°C == 2
3 -==Tj=125°C 3 ===T;=125°C W 100 LH 101 :.h
__S L - toff :g E o s« é
a = 4 &
5 100 = .l @ 100 & - £
= =\t = o >
o = —==F" 2 [
z ] « 5 oot =t L L 100‘;’
= w - Q
g § __Eiom L g 10 == g
3 5 i i z =
7 L1 3 2
‘c(on) w
@
3
10-1 10-1 10-2 10-1
100 101 102 100 101 102 100 101 102
COLLECTOR CURRENT, I, (AMPERES) COLLECTOR CURRENT, I, (AMPERES) COLLECTOR REVERSE CURRENT, -I¢, (AMPERES)
OVER CURRENT TRIP LEVEL VS. OVER CURRENT TRIP LEVEL VS.
DIODE FORWARD CHARACTERISTICS SUPPLY VOLTAGE (TYPICAL) TEMPERATURE (TYPICAL)
102 s e s 140 T 140 =
& FVp=15v 5 T;=25°C 5 Vp = 15V
4 - . w ud w -
u [ Voin=15V . N N
b | == T;=25°C < 120 < 120
J
s [==-Tj=125C z H
e o o
. 1 e = J
= r |
N LT A % 100 - % 100 N
& L | H ] = N
=1 w w
2101 . b | =) ~—]
w z 7 a o |
2] 7 Z 80 Z 80
w 7 7 = =
o 4 z z
g L w w
o R4 / & &
[ AI 3 60 3 60
O yi o @
o 7 / I g
3 7 2
o lr <] o
© 100 0 0
04 08 120 16 20 24 28 0 12 14 16 18 20 -50 0 50 100 150
EMITTEER-COLLECTOR VOLTAGE, Vgc, (VOLTS) SUPPLY VOLTAGE, Vp, (VOLTS) JUNCTION TEMPERATURE, Tl' ©°c)
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MITSUBISHI INTELLIGENT POWER MODULES

PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Inverter Part
CONTROL SUPPLY VOLTAGE TRIP-RESET TRANSIENT THERMAL
FAULT OUTPUT PULSE WIDTH VS. LEVEL TEMPERATURE DEPENDENCY IMPEDANCE CHARACTERISTICS
TEMPERATURE (TYPICAL) (TYPICAL) (Each IGBT)
140 15 @ 10!
g Vp =15V | —uw ES
] ——uy, a
ES 14 N
% 120 "g' 100
Z ——-1 J 4
® N 55 <]
= 100 g5 13 e
O 0
E N gz % 401
Y TS L SSSN AN 7 5
E 80 €= 12 %
2
5 - 3 o
% 60 11 £ 102
g 5 E SINGLE PULSE
2 5 F STANDARD VALUE = Ryp(jc)q = 0-95°C/W|
£
0 0 § 103
-50 0 50 100 150 -50 0 50 100 150 10-3 102 10-1 100 101
JUNCTION TEMPERATURE, Ti' ©c) JUNCTION TEMPERATURE, T, ©c) TIME, (s)
TRANSIENT THERMAL
IMPEDANCE CHARACTERISTICS
(Each FWDI)
g 10
2
>
2
~N
2 100
3
4 =
o
z
g
£ 101
wi
(3]
z
<
o
&
H 10-2
z SINGLE PULSE
3 STANDARD VALUE = Fin ) = 2.5°CW
<
@ 103
10-3 102 10-1 100 101
TIME. (s)
Sep.1998
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MITSUBISHI INTELLIGENT POWER MODULES
PM25RSB120

FLAT-BASE TYPE
INSULATED PACKAGE
Brake Part
SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION OUTPUT CHARACTERISTICS
CHARACTERISTICS (TYPICAL) VOLTAGE CHARACTERISTICS (TYPICAL) (TYPICAL)
3.0 3.5 15 T T
w Tj=25°C
& 2 Ve =0V
g 25 é 3.0 @ CIN
- =
g ] - g &
% L~ oL & 25 3 15
320 = ot E <90
] / PP s 33 o Vp=17V /13
o Pid 23 20 =
215 Pl $2 ]
[~ ’ x £ [4
3 .2 giis 5
S 4 E¥ o
3 1.0 e 5 s
3 Vp =15V g 10 g
205 Vein=0ov 2 53
< —Tj=25°C 3 os 7= 25% ] 3
- 30800
Tig12p°C o Ic= 10A
0 L 0 ) 0
0 5 10 0 12 14 16 18 20 0 1 2 3 4
COLLECTOR CURRENT, I¢, (AMPERES) SUPPLY VOLTAGE, Vp, (VOLTS) COLLECTOR-EMITTER VOLTAGE, V¢, (VOLTS)
TRANSIENT THERMAL TRANSIENT THERMAL
IMPEDANCE CHARACTERISTICS IMPEDANCE CHARACTERISTICS
DIODE FORWARD CHARACTERISTICS (Each IGBT) (Each FWDi)
102 —T—— @ 101 g 101 %
- [EVvo=1svIiI—| S ; ; S =
I [ Vo= 15V o 1 ! 3
E [ ——Tj=25°C 5 IS
3 | ===T;=125°C £ 100 g 100
< = =5 =s
T g g
I < LA z il
z e = =
o] # v g A 3 =
4 4 2 D
Z 101 = A N 10-1 £ 101
8 a ya 8 ] i
w w
5 ll, VA % 102 =: % 102
8 | A H E SINGLE PULSE i z SINGLE PULSE
g K / 3 [ STANDARD VALUE = Ry = 2.0°C/W 3 STANDARD VALUE = Fyyo)p = 2.5°CIW
100 . £ 103 g 103
0 0.4 0.8 1.2 1.6 2.0 10-3 10-2 101 100 101 10-3 102 10-1 100 101
DIODE FORWARD VOLTAGE, Vg, (VOLTS) TIME, (s) TIME, (s)
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Current Trahsducer LA 55-P | = 50A

For the electronic measurement of currents : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high power)
and the secondary circuit (electronic circuit).

r Electrical data J
s Primary nominal r.m.s. current 50 A Features
L Primary current, measuring range 0..%£70 A
R, Measuring resistance @ T,=70°C| T,= 85°C e Closed loop (compensated) current
R, . R R transducer using the Hall effect
Mmin = Mmax min ~ Mmax
with £ 12V @+50A 10 100 | 60 95 Q o Printed circuit board mounting
@ i70Ama‘ 10 50 | 60" 60" Q@ ° Insulated plastic case recognized
with £ 15 V @#50A,, s 167/ | 135 W86~ g jipaearding (R 94-V0.
+70A 50 90 [13521352 Q
) e e Advantages
loy Secondary nominal r.m.s. current 50 mA
K, Conversion ratio A 1:1000 o Excellent accuracy
Vi Supply voltage (t? %) N2 5 W — Very good linearity
le Current consumptlon. ' 10@x15V)+lg MA o | ow temperature drift
v, R.m.s. voltage for AC isolation test, 50 Hz, 1mn 2.5 kV o Optimized response time
. e Wide frequency bandwidth

FAccuracy - Dynamic performance data J o No insertion losses
X Accuracy @1, . T, =25°C @+15V(£5%) +065 o e High immunity to external

@+12..15V(£5%)  +0.90 % interference

Linearit <0.15 % e Current overload capability.
€, y
Typ | Max . >

I Offset current @ 1,= 0, T, = 25°C +0.2 mA Appligatiofrs
I Residual current®@ 1, =0, after an overload of 3 x I, +0.3 mA . .
I Thermal drift of | g, S\ WU S NN Spmegldrives BiitsBa
o1 ° motor drives

- 25°Cx» & 85° +0.1] 206 4
& & 0 o e Static converters for DC motor drives

t, Reaction time @ 10 % of I, .. < 500 ns o Battery supplied applications
t, Response time @ 90 % of I, <1 HS e Uninterruptible Power Supplies
di/dt  di/dt accurately followed > 200 Alus (UPS)
f Frequency bandwidth (- 1dB) DC .. 200 kHz o Switched Mode Power Supplies
(SMPS)
r General data J o Power supplies for welding
T, Ambient operating temperature -25..+85 °“G applications.
T, Ambient storage temperature -40..+90 °C
R, Secondary coil resistance @ T,=70°C 80 Q
T,=85°C 85 Q
m Mass 18 g
Standards ¥ EN 50178

Notes : " Measuring range limited to £ 60 A __
2 Measuring range limited to 55 A
3 Result of the coercive field of the magnetic circuit
9 A list of corresponding tests is available ’ 980706/8

LEM Components www.lem.com
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Dimensions LA 55-P (in mm. 1 mm =0.0394 inch)
Bottom view Left view
) o
n ~
=
cC Tl = b
n
N Wi 0
315 27.6 4.5+1-03
— T
[N S 127 e T
‘| ,
"ﬁ i N
LEM® | AS55-P .
S— Secondary terminals
] swiss | |~
— C € | L e oy Terminal + : supply voltage +12..15V
© : . ~; Terminal - :supply voltage - 12.. 15V
P p— 00 00 OG + < Terminal M : measure
| -
' \ | | )
«,L_QQQ,“ZZQQWM Jei =M1l Connection
L A% VA
/ \ \\ o —0 +
Standard 00 Year Week LA 55-P - | » —o0 -
o S M
or N° SP.. M ov
Front view
Mechanical characteristics Remarks
e General tolerance +0.2mm e | is positive when 1, flows in the direction of the arrow.
e Primary through-hole 12.7 x 7 mm ° Temperature of the primary conductor should not exceed
e Fastening & connection of secondary 3 pins 90°C.
0.63 x 0.56mm » Dynamic performances (di/dt and response time) are best
Recommended PCB hole 0.9 mm with a single bar completely filling the primary hole.

e In order to achieve the best magnetic coupling, the primary
windings have to be wound over the top edge of the device.
e This is a standard model. For different versions (supply
voltages, turns ratios, unidirectional measurements...),

please contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.



Order this document by LF347/D

@ MOTOROLA LF347, B
LF351
LF353

JFET Input
Operational Amplifiers

Th | JFET t tional lifi b twi FAMILY OF JFET

ese low cost input operational amplifiers combine two

state—of-the—art analog technologies on a single monolithic integrated OPERATIONAL AMPLIFIERS
circuit. Each internally compensated operational amplifier has well matched
high voltage JFET input devices for low input offset voltage. The JFET
technology provides wide bandwidths and fast slew rates with low input bias

N SUFFIX

currents, input offset currents, and supply currents. PLASTIC PACKAGE
These devices are available in single, dual and quad operational CASE 626
amplifiers which are pin—compatible with the industry standard MC1741, 8
MC1458, and the MC3403/LM324 bipolar devices. 1 D SUFFIX
e Input Offset Voltage of 5.0 mV Max (LF3478B) % PLASTIC PACKAGE
i - 8 &G CASE 751
e Low Input Bias Current: 50 pA . (SO-8)

e Low Input Noise Voltage: 16 nV/ JHz
e Wide Gain Bandwidth: 4.0 MHz PIN CONNECTIONS
e High Slew Rate: 13V/us
© Low Supply Cuirent: 1.6 mA per Amplifier LF351
e High Input Impedance: 1012 Q fTop View)
e High Common Mode and Supgly Voltage Rejection Ratios: 100 dB
LF353
(Top View)
MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Vee Pl v - N SUFFIX
VEE -18 \ PLASTIC PACKAGE
Differential Input Voltage Vip +30 Vv 14\' CASE 646
Input Voltage Range (Note 1) ~ VIDR +15 \% §
Output Short Circuit Duration (Note 2) tsc Continuous PIN CONNECTIONS
Power Dissipation at Tp = +25°C Pp 900 mw ou [T} il ) ous
Derate above Tp =+25°C 1lgJA 10 mW/°C
2 h~ A3
Operating Ambient Temperature Range TA 0to +70 °C Inputs 1 {E 3l ] Inputs 4
3 - 4 12
Operating Junction Temperature Range Ty 115 °C O] + + "
vee 4] 1] vee
Sterage Temperature Range Tstg -65to °C i +
+150 (5] 0] )
Inputs 2 { > 3 ] Inpits 3
NOTES: 1. Unless otherwise specified, the absolute maximum negative input voltage is E - - E
limited to the negative power supply. ou2[7 (8] Out3
2. Any amplifier output can be shorted to grcund indefinitely. However, if more than
one amplifier output is shorted simultaneously, maximum junction temperature
rating may be exceeded. (Top View)
ORDERING INFORMATION
Operating
Device | Function Tgmperature Range Package
LF351D Single SO-¢
LF351N Single Plastic DIP
LF353D Dual o e - SO-8
"F352N | Dual TA=0°0+70°C | ppgiic DIP
LF347BN| Quad Plastic DIP
LF347N Quad Plastic DIP

© Motorola, Inc. 1996 Rev 0
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ELECTRICAL CHARACTERISTICS (Ve = +15 VEg =-15V, Ta = 25°C, unless ctherwise noted.)

LF347B LF347, LF351, LF353
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10k, Vcm = 0) Vio mV
Ta = +25°C - 1.0 5.0 - 5.0 10
0°C < TA S+70°C - - 8.0 - - 13
Avg. Temperature Coefficient of Input Offset Voltage | AV|o/AT uv/ec
Rg <10k, 0°C < Tp $+70°C ’ - 10 - - 10 -
Input Offset Current (VoM = 0, Note 3) [Te}
Ta =+25°C - 25 100 - 25 100 pA
0°C < TpA <+70°C - - 4.0 - - 4.0 nA
Input Bias Current (Vom = 0, Note 3) B
Tp =+25°C - 50 200 - 50 200 pPA
0°C < TA$+70°C - - 8.0 - - 8.0 nA
Input Resistance 5 L 1012 - e 1012 - Q
Common Mode Input Voltage Range ViICR 11 +15 - +11 +15 - \"
-12 -12
Large—-Signal Voltage Gain (Vo =+10V, R = 2.0k) AyoL V/imV
Ta =+25°C 50 100 - 25 100 -
0°C S TA S +70°C 25 - - 15 - -
Output Voltage Swing (R = 10 k) Vo +12 +14 - +12 +14 - \Y
Common Mode Rejection (Rg < 10 k) CMR 80 100 - 70 100 - dB
Supply Voltage Rejection (Rg < 10 k) PSRR 80 100 - 70 100 - dB
Supply Current ID y mA
LF347 - 7.2 11 - 7.2 11
LF351 TP 3 2 1.8 34
LF353 - - - - 36 6.5
Short Circuit Current Isc = 25 = - 25 = mA
Slew Rate (Ay = +1) SR - 13 - - 13 - Vlips
Gain—-Bandwidth Product BWp - 4.0 - - 4.0 - MHz
Equivalent Input Noise Voltage en - 24 - - 24 - nVv/VHz
(Rg = 100 Q, f = 1000 Hz)
Equivalent Input Noise Current (f = 1000 Hz) in - 0.01 - - 0.01 - pA/VHz
Channel Separation (LF347, LF353) - - -120 - - -120 - dB
1.0 Hz < f £ 20 kHz (Input Referred)

For Typical Characteristic Performance Curves, refer to MC34001, 34002, 34004 data sheet.

NOTE: 3.Input bias currents of JFET input op amps approximately double for every 10°C rise in junction temperature. To maintain junction temperatures as
close to ambient as is possible, pulse techniques are utilized during test.

2 MOTOROLA ANALOG IC DEVICE DATA
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 626-05
ISSUE K
s 5 3
B NOTES: =
D ' [-8-] 1. DIMENSION L TO CENTER OF LEAD WHEN
On . FORMED PARALLEL.
) 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
h—' '-“-' '~u-‘ lll R SQUARE CORNERS).
3. DIMENSIONING AND TOLERANCING PER ANSI
F Y14.5M, 1982.
MILLIMETERS | INCHES
NOTE2 [ MIN_| MAX | MIN | WAX
L < A | 940 | 10.16 | 0.370 | 0.400
B | 610 | 660 | 0240 | 0260
§ C | 394 | 445 | 0155 | 0475
D | 038 | 051 | 0015 | 0020
c F | 102 | 178 | 0040 | 0070
G | 254BSC 0.100 BSC
- J H | 076 | 127 | 0030 | 0,050
J | 020 | 03000080012
SEATING N 3 K | 292 | 343 | 0115 | 0135
PLANE —] L | 762BSC 0.300 BSC
_.”.._D L M - W — ] 1o — ] 1°
K
N |_076 | 101 | 0030 | 0.040
H—>

G
(]2 0130005@[T[A ®|B @]

. 4 [@E0[ 0]

\
b
Rakyhs

=== D
o
[®] 025 ®@c[8 ®[AB)]

D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SO-8)
ISSUE R

-

7

C
L

NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.

2. DIMENSIONS ARE IN MILLIMETERS.

3. DIMENSION D AND E DO NOT INCLUDE MOLD
PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

5. DIMENSION B DOES NOT INCLUDE MOLD
PROTRUSION. ALLOWASLE DAMBAR
PROTRUSION SHALL BE (.127 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL

CONDITION.
MILLIMETERS
| DIM [ MIN_| MAX
Al 135 ] 175
A1| 010 | 025
B | 035 | c49
c | 018 | 025
D | 480 | 500
E| 380 ] 400
e 1.2785C
H | 580 | 620
h | 025 | 050
L| 040 | 125
[) 0° 7°

MOTOROLA ANALOG IC DEVICE DATA
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE L
NOTES:
J‘\ ;'1 A ;'ﬁ }l‘ A A 1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
14 [} 1 MATERIAL CONDITION.
2. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
@) ) 3. DIMENSION B DOES NOT INCLUDE MOLD
7 i FLASH.
YT AT ALY 4. ROUNDED CORNERS OPTIONAL.
INCHES MILLIMETERS
A = DIM| WMIN | MAX | WMIN | MAX
A | 0715 | 077 | 1816 | 1956
Fle— B | 0240 | 0260 | 610 | 660
= L C | 0145 | 0.185 | 369 | 4.69
[ \ ¥ D | 0015 | 0021 | 038 | 053
F | 0040 | 0070 | 102 | 178
¥y © G| 0.1008SC 254 B5C
A - H | 0052 | 0.095 | 132 | 241
J 3 1 0.008 | 0015 | 020 | 038 ]
N 2 K | 0115 | 0135 | 292 | 343
L | 0.300BSC 7628SC
_JL_ vk Lk M| o0°[ 10°| o0°] 10°
Hi G D M N | 0015 | 0039 [ 039 ] 101

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
daiasheets and/or specifications canand do vary in differentapplications and actual performance may vary over time. Alloperating parameters, including “Typicals™

1
i

must be validated for each customer application by customer’s technical experts. Motorola does not convey any license under its patent rights nor the rights of

others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applicationsintended to support or sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal in;ury
ordeath may occur. Should Buyer purchase oruse Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney ‘ees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Ecual
Opportunity/Affirmative Action Employer.

@ MOTOROLA

How to reach us:
USA/EUROPE/ Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi~SPD—JLDC, 6F Seibu—Butsuryu—Certer,
PO. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Pz,
INTERNET: http://Design—NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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LM555/NE555/SA555

Single Timer

Features

 High Current Drive Capability (200mA)
= Adjustable Duty Cycle

+ Temperature Stability of 0.005%/°C

» Timing From pSec To Hours

» Turn Off Time Less Than 2puSec

Applications

> Precision Timing
 Pulse Generation
 Time Delay Generation
* Sequential Timing

Internal Block Diagram

Description

LMS555/NE555/SAS55 is a highly stable controller capable
of producing accuiate timing pulses. With monostable oper-
ation, the time delay is controlled by one external resistor
and one capacitor. With astable operation, the '
frequency and duty cycle are accurately controlled with two
external resistors and one capacitor.

8-DIP

s) Vee

Discharging Tr.

—(75Discharge

R
GND (1
+
Comp.
Trigger (2)—=
OutPut
Output(3 Stape
Reset (4

Vref

F/F —Sé’[hreshold

S Control
Lg Voltage

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporatior:



LM555/NES55/SA555

Absolute Maximum Ratings (TA = 25°C)

Parameter Symbol Value Unit
Supply Voltage vce 16 \%
Lead Temperature (soldering 10sec) TLEAD 300 °C
Power Dissipation PD 600 mwW
Operating Temperature Range )
LM555/NE5S55 ToPR 0~+70 oc
SA555 -40 ~ +85
Storage Temperature Range TSTG -65~+ 150 °C
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Electrical Characteristics
(Ta =25°C, Vcc =5 ~ 15V, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. Unit

Supply Voltage Vce 4.5 - 16 \
Supply Current *'(low stable) 1 Ice Vce =5V, RL= . 3 6 mA
' Vce = 15V, RL= - 75 15 mA

Timing Error *2 (Monostable)

Initial Accuracy } o
Drift with Temperature ACEUR RA = 1KQ to100KQ . &0 i 3
Drift with Supply Voltage AAT | = 0.1pF a0 ppm/C-

pply g AYAVCC =D 0.1 | 05 %IV

Timing Error 'z(astable) }

Intial Accuracy ACCUR | RA =1KQ to 100KQ 2.25 - %
Drift with Temperature AVAT C=0.1pF 150 ppm/°C
Drift with Supply Voltage AtAVce 0.3 %IV

Control Voltage Vc Vcc =15V 9.0 10.0 | 11.0 \%

Vce =5V 26 | 333 | 4.0 \Y

Threshold Voltage VTH Vce =15V - 10.0 - \Y%

Vce =5V - 383 - Y,

Threshold Current *3 ITH - - 0.1 | 0.25 7

Trigger Voltage ¥Th vVce =5V 1.1 167 | 22 Vv

Vce = 15V 4.5 5 5.6 \"
Trigger Current TR VTR =0V 0.01 2.0 LA
Reset Voltage VRST - 0.4 0.7 1.0 \"
Reset Current iIRST 2 0.1 0.4 mA

Vce =15V

ISINK = 10mA - 0.06 | 0.25 \Y
Luw Ouiput Voltage VoL ISINK = 50mA 0.3 | 0.75 V

Vce =5V ~

ISINK = 5mA 0.05 | 0.35 Vv

vce =15V

ISOURCE = 200mA 12:5 - \Y
High Output Voltage VOH ISOURCE = 100mA 12.75| 13.3 \Y

vce =5V

ISOURCE = 100mA 275 | 33 ) \Y
Rise Time of Output R - - 100 - ns
Fall Time of Output tF - - 100 - ns
Discharge Leakage Current ILKG - - 20 100 nA

Notes:

1. Supply current when output is high is typically 1mA less at Vcc = 5V

2. Tested at Vcc = 5.0V and Vcc = 15V

3. This will determine maximum value of Ra + R for 15V operation, the max. total R = 20MQ, and for 5V operation the max.
total R = 6.7MQ
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Application Information

Table 1 below is the basic operating table of 555 timer:

Table 1. Basic Operating Table

Threshold Voltage Trigger Voltage Discharging Tr.
(Ver)(PIN 6) g (s\lli]r)(PlN 2)9 Reset(PIN 4) | Output(PIN 3) (P“f'.,)g
Don't care Don't care Low Low ON
Vth > 2Vee /3 Vth > 2Vcee/ 3 High Low ON
Vec/3<Vih<2Vee/3 | Vec/3<Vih<2Vee/ 3 High - -
Vih<Vee /3 Vth<Vce/ 3 High High OFF

When low signal input is applied to the reset terminal, the timer output remains low regardless of the threshold voltage or the,
trigger voltage. Only when high signal is applied to the reset terminal, timer's output changes according to threshold voltage

and trigger voltage.

When the threshold vcltage exceeds 2/3 of the supply vol:age while the timer output is

high, the timer's internal discharge Tr.

turns on, lowering the threshold voltage to below 1/3 of the supply voltage. During this time, the timer output is maintained
low. Later, if a low signal is applied to the trigger voltage so that it becomes 1/3 of the supply voltage, the timer’s inteinal
discharge Tr. tumns off, increasing the threshold vcltage and driving the timer output again at high.

1. Monostable Operation

Trigger

Figure 1. Monoatable Circuit

1VHdty, SOus/div

Capacitance(uF)

A/

Time Delay(s)

Figure 2. Resistance and Capacitance vs.

Time delay(td).

S N O S SN Y N N N I A
] i
——t{ Trigger i %,} -
l i
T - i SIS (SURNSONE R
|
Output - - E
: [RSTTIIN § R [t e
| | |
! o I
A | SO IS S S S o
; Threshold I J i
; : /1 ] A i
4 4R V4B

R,=9.1k(}, R =1k, C1=0.01uF, Vcc=5V

Figure 3. Waveforms of Monostable Operation
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Figure 1 illustrates a monostable circuit. In this mode, the timer generates a fixed pulse whenever the trigger voltage falls
below Vce/3.

When the trigger pulse voltage applied to the #2 pin falls below Vcc/3 while the timer output is low, the timer's internal
flip-flop turns the discharging Tr. off and causes the timer output to become high by charging the external capacitor Cland
setting the flip-flop output at the same time.

The voltage across the external capacitor C1, VC1 increases exponentially with the time constant t=RA*C and reaches 2Vcc/3
attd=1.1RA*C. Hence, capacitor Cl is charged through resistor RA. The greater the time constant RAC, the longer it takes
for the VCI to reach 2Vce/3. In other words, the time constant RAC controls the output pulse width.

When the applied voltage to the capacitor C1 reaches 2Vcc/3, the comparator on the trigger terminal resets the flip-flop,
turning the discharging Tr. on. At this time, C1 begins to discharge and the timer output converts to low.

In this way, the timer operatii,g in monostable repeats the above process. Figure 2 shows the time constant relationship based
on RA and C. Figure 3 shows the general waveforms during monostable operation.

It must be noted that, for normal operation, the trigger pulse voltage needs to maintain a minimum of Vcc/3 before the timer
output turns low. That is, although the output remains unaffected even if a different trigger pulse is applied while the output is
high, it may be affected and the waveform not operate properly if the trigger pulse voltage at the end of the output pulse
remains at below Vce/3. Figure 4 shows such timer output abnormality.

1V/div, S0us/div

- - = =

Trigger

15 [
Output

u [

7| Threshola & Y //‘
7 T ] / /

R,=9.1kQ, R =1kQ, C1=0.91uF, Vce=5V

Figure 4. Waveforms of Monostable Operation (abnormal)

2. Astable Operation

Capacitance(uF)

l’{L
1E-Y SN
1Mm 1 10 L] 11N 1LY 1084,
Frequency(Hz)
Figure 5. Astable Circuit Figure 6. Capacitance and Resistance vs. Frequency
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1V/div, SUms/div

; —
] 1 ‘5
lOulpll ; 1 -
!
|
‘ A
N Threshold ‘ t, B
| o ——
> N ~
% i
i 1

R,=1kQ, R,=1kQ, R,=1kW, C1=1uF, Vee=5V

Figure 7. Waveforms of Astable Operation

An astable timer operation is achieved by adding resistor RB to Figure 1 and configuring as shown on Figure 5. In astable
operation, the trigger terminal and the threshold terminal are connected so that a self-trigger is formed, operating as a multi
vibrator. When the timer output is high, its internal discharging Tr. turns off and the V(| increases by exponential

function with the time constant (RA+RB)*C.

When the VCl, or the threshold voltage, reaches 2Vec/3, the comparator output on the trigger terminal becomes high,
resetting the F/F and causing the timer output to become low. This in turn turns on the discharging Tr. and the C1 discharges
through the discharging channel formed by RB and the discharging Tr. When the V(1 falls below Vce/3, the comparator
output on the trigger terminal becomes high and the timer output becomes high again. The discharging Tr. turns off and the
V(] rises again.

In the above process, the section where the timer output is high is the time it takes for the VC1 to rise from Vce/3 to 2Vec/3,
and the section where the timer output is low is the time it takes for the VC1 to drop from 2Vce/3 to Vec/3. When timer output
is high, the equivalent circuit for charging capacitor Cl is as follows:

+
Vee == 8, ! ~|—_Vc1(0-)=Vcc/3

. dvgy Voo V(0)

R s o
dt RA*Rp

Vo0 =Vee’3

1

t
{_(RA+RB)C1
Veq® = Ve 1-38 3)

Since the duration of the timer output high state(tn) is the amount of time it takes for the VCI(t) to reach 2Vcc/3,
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")
(Ry*RpC1
1—§e ’ (4)

)
ty; = C4(Rp +Rp)In2=0.693(Ry+Rp)IC4  (5)

_2 -
Ver® = 5Vee = Vee

The equivalent circuit for discharging capacitor C1 when timer output is low as follows:

RB
. |
ci TCl(o-)=vac/3J} o % R,
L
>, P

==r Vc1=9 (6)

2 “(Rp+Rp)CT
Ve =3V (7
C1 3 CCe

Since the duration of the timer output low state(tL) is the amount of time it takes for the VcCi(t) to reach Vec/3,

1L
"Ry +RpH)CH
1 2V \ AT D ®)
CcC
t = C1(RB+RD)ln2 = O.693(RB+RD)C1 9)

3Vcc™3

Since RD is normally RB>>RD although related to the size of discharging Tr.,
tL.=0.693RBC1 (10)

Consequently, if the timer operates in astable, the period is the same with
"T=ty+tL=0.693(RA+RB)C1+0.693RBC1=0.693(RA+2RB)C1' because the period is the sum of the charge time and discharge

time. And since frequency is the reciprocal of the period, the following applies.

_ 1.44 a1

1
f S R L
PSR T~ Ra+2Rg)C,

3. Frequency divider
By adjusting the length of the timing cycle, the basic circuit of Figure 1 can be made to operate as a frequency divider. Figure
8. illustrates a divide-by-three circuit that makes use of the fact that retriggering cannot occur during the uming cycle.
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1Vidiv, 25us/div

|| Threshold /-/‘ /—‘

R,=9.1ke, R =1kQ, C1=0.01uF, Vec=5V
Figure 8. Waveforms of Frequency Divider Operation

4. Pulse Width Modulation

The timer output waveform may be changed by modulating the control voltage applied to the timer's pin 5 and changing the
reference of the timer's internal comparators. Figure 9. illustraies the pulse width modulation circuit.

When the continuous trigger pulse train is applied in the monostable mode, the timer output width is modulated according to
the signal applied to the control terminal. Sine wave as well as other waveforms may be applied as a signal to the control
terminal. Figure 10 shows an example of pulse width modulation waveform.

+Vee
1V/div, 100us/div
/ Control Trigge
/
ld
e P
: \\ ‘/r
] N ”
! P A i e
\:l'l'mhold IOutpul
sRVEw nlalnlhe
"I 1Ll il '
[ AR/l S8 ¢ ) | Y B8
{ :
RA=9.1kQ. RL=le, C1=0.01uF, Vcc=5V
Figure 9. Circuit for Pulse Width Modulation Figure 10. Waveforms of Pulse Width Modulation

5. Pulse Position Modulation

If the modulating signal is applied to the control terminal while the timer is connected for astable operation as in Figure 11, the
timer becomes a pulse position modulator.

In the pulse position modulator, the reference of the timer's internal comparators is modulated whick in turn modulates the
timer output according to the modulation signai applied to the control terminal.

Figure 12 illustrates a sine wave for modulation signal and the resulting output pulse position modulation : however, any wave
shape could be used.
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+Vce
O

1VAdiv, 100us/div

Control ' I

AT i

O TRAAAAnAdnadRdnan
1 ‘ i I
I I
[WERERETTI

R,=3.9kQ, R;=1kQ, R =1kQ, C1=0.01uF, Vec=5V

I
|
|
I

_
| m————

Figure 11. Circuit for Pulse Position Modulation ~ Figure 12. Waveforms of pulse position modulation

6. Linear Ramp
When the pull-up resistor RA in the monostable circuit shown in Figure 1 is replaced with constant current source, the VCI
increases linearly, gencrating a linear ramp. Figure 13 shows the linea: ramp generating circuit and Figure 14 illustrates the

generated linear ramp waveforms.

+Vee
1VAiv, 25us/div
R R1 o= = 3 : 1
Trigge
/// Ir ) / V4
/ )2 e
4 r :
Qt : !
|
1
é R2 | ]
Output Output !
O
H
| | | |

R1=47kQ, R2=100kQ, R =2.7k(2, R =1kQ, C1=9.01uF, Vcc=5V

Figure 13. Circuit for Linear Ramp Figure 14. Waveforms of Linear Ramp

In Figure 13, current source is created by PNP transistor Q1 and resistor R1, R2, and RE.

Van-V
_lecTE 4y

|
c
Re

Here, VE s

R

- 2

ccC

For example, if Vce=15V, RE=20k, R1=5kW, R2=1 0k<, and VBE=0.7V,
VE=0.7V+10V=10.7V
1c=(15-10.7)/20k=0.215mA
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When the trigger is started in a timer configured as shown in Figure 13, the current flowing to capacitor C1 becomes a constant
current generated by PNP transistor and resistors.

Hence, the V is a linear ramp function as shown in Figure 14. The gradient S of the linear ramp function is defined as
follows:

v,
S = —PT—“E (14)

Here the Vp-p is the peak-to-peak voltage.
If the electric charge amount accumulated in the capacitor is divided by the capacitance, the VC comes out as follows:

V=Q/C (15)

The above equation divided on both sides by T gives us

QT
¢

\
T (16)

and may be simplified into the following equation.
S=1/C 17)
In other words, the gradient of the linear ramp function appearing across the capacitor can be obtained by using the constant

current flowing through the capacitor.

If the constant current flow through the capacitor is 0.215mA and the capacitance is 0.02uF, the gradient of the ramp function
at both ends of the capacitor is S=0.215m/0.022u=9.77V/ms.

10



LM555/NE555/SA555

Mechanical Dimensions

Package

8-DIP
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LM555/NE555/SA555

Mechanical Dimensions (continued)

Package
0.1~0.25
I MIN 5 004~0.001
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o r 1
o | ©
o = '
o 3} o;g
Skis s 3.95 #0.20 ‘—io
2olo. i, et Lz
38|%3 0.156 +0.008 _ é‘%
2!2
L J 1

| o)
P 5.72 /cf;

0.50 +0.20 i !
0.020 +0.008 |
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LM555/NESS5/SAS55

Ordering Information

Product Number Package Operating Temperature
LM555CN 8-DIP
0~ +70°C
LM555CM 8-SOP
Product Number Package Operating Temperature
NES55N 8-DIP
0~ +70°C
NES55D 8-SOP
Product Number Package Operating Temperature
SA555 8-DIP
-40 ~ +85°C
SA555D 8-SOP

13
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Internally Trimmed
Precision I1C Multiplier

AD334

FEATURES

Pretrimmed to =0.25% max 4-Quadrant Error (AD534L)

All Inputs (X, Y and Z) Differential, High Impedance for
Xy = X2) (Ye=Y2)/10V] + Z, Transfer Function

Scale-Factor Adjustable to Provide up to X100 Gain

Low Noise Design: 90 pV rms, 10 Hz-10kHz

Low Cost, Monolithic Censtruction

Excellent Long Term Stability

APPLICATIONS

High Quality Analog Signal Processing

Differential Ratio and Percentage Computations
Algebraic and Trigonometric Function Synthesis
Wideband, High-Crest rms-to-dc Conversion
Accurate Voltage Controlled Oscillators and Filters
Available in Chip Form

PRODUCT DESCRIPTION

The AD534 is a monolithic laser trimmed four-quadrant multi-
plier divider having accuracy specifications previously found .
only in expensive hybrid or modular products. A maximum
multiplication error of +0.25% is gnaranteed for the AD534L
without any external trimming. Excellent supply rejection, low
temperature coefficients and long term stabulity of the on-chip
thin film resistors and buried Zener reference preserve accuracy
even under adverse conditions of use. It is the first multiplier to
offer fully differential, high impedance operation on all inputs,
including the Z-inpur, a feature which greatly increases its flex-
ibility and ease of use. The scale factor is pretrimmed to the
standard value of 10.00 V; by means of an external resistor, this
can be reduced to values as low as 3V.

The wide spectrum of applications and the availability of several
grades commend this multiplier as the first choice for all new
designs. The AD534] (1% max error), AD534K (£0.5% max)
and AD534L (£0.25% max) are specified for operation over the
0°C to +70°C temperature range. The AD534S (+1% max) and
AD534T (£0.5% max) are specified over the extended tempera-
ture range, -55°C to +125°C. All grades are available in her-
metically sealed TO-100 metal cans and TO-116 ceramic DIP
packages. AD534], K, S and T chios are also available.

PROVIDES GAIN WITH LOW NOISE

The AD534 is the first general purpose multiplier capable of
providing gains up to X100, frequently eliminating the need for
separate instrumentation amplifiers to precondition the inputs.
The AD534 can be very effectively employed as a variable gain
differential input amplifier with high common-mode rejection.
The gain option is available in all modes, and will be found to
simplify the implementation of many function-fitting algorithms

REV.B
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PIN CONFIGURATIONS

TO-100 (H-10A) TO-116 (D-14)

Package Package
X1d ° [14] +vs
x2[2] [13] NC
Nl s [2OT
sF[A] topvew [1] 2
NC E (Not to Scale) E 2
v1[s] [3] N
v2[7] 3] -Vs

NC =NO CONNECT

LCC (E-204)
Package

NC 4 18 OUT

NC 5 17 NC

SF 6 TOP VIEW 16 71
(Not To Scale)

NC 7 15 NC

NC 8 14 72

9 10 11 12 1

o~ »
>>g>‘

NC = NO CONNECT

3
o
F-

such as those used to generate sine and tangent. The utility of
this feature is enhanced by the inherent low noise of the AD534:
90 1V, rms (depending on the gain), a factor of 10 lower than
previous monolithic multipliers. Drift and feedthrough are also
substantially reduced over earlier designs.

UNPRECEDENTED FLEXIBILITY

The precise calibration and differential Z-input provide a degree
of flexibility found in no other currently available multiplier.
Standard MDSSR functions (multiplication, division, squaring,
square-rooting) are easily implemented while the restriction to
particular input/output polarities imposed by earlier designs has
been eliminated. Signals may be summed into the output, with
or without gain and with either a positive or negative sense.
Many new modes based on implicit-function synthesis have
been made possible, usually requiring only external passive*
components. The output can be in the form of a current, if
desired, facilitating such operations as integration.

One Technology Way, P.O.Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http:llwww.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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Model AD534) AD534K ADS34L
Min Typ Max Min Typ Max Min Typ Max Units
MULTIPLIER PF_RFORMANCE (X - XoXYy -Y2) (X - X)) -Y2) o (X,—X«)(Y,—Yo) 7

Transfer Function —JL’_‘X 0-—“_—‘—}’ L2 oV 2 oV +<a

Total Error' (-10V <X, Y £+10V) *+1.0 +0.5 *0.25 %

T, = min to max 1.5 +1.0 +0.5 %

Total Error vs. Temperature +0.022 +0.015 +0.008 %1°C

Scale Factor Error

(SF = 10.000 V Nominal)? £0.25 +0.1 +0.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.01 +0.005 %/°C
Supply Rejection (£15 Vi1V) +0.01 +0.01 +0.01 %
Nonlinearity, X (X =20 V p-p, Y=10V) +0.4 +0.2 +0.3 +0.10 +0.12 %o
Nonlinearity, Y (Y = 20 Vp-p, X=10V) 0.2 +0.1 +0.1 +0.005 x0.1 %o
Feedthrough®, X (Y Nulled,

X =20V p-p 50 Hz) 0.3 +0.15 +0.3 +0.05 +0.12 %
Feedthrough’, Y (X Nulled,

Y =20V p-p 50 Hz) +0.01 +0.01 +0.1 +0.003 =0.1 %
Output Offset Voltage +5 +30 +2 +15 +2 *=10 mV
Output Offset Voltage Drift 200 100 100 uvrc

DYNAMICS

Small Signal BW (Vour = 0.1 rms) 1 1 1 MHz

1% Amplitude Error (Croap = 1000 pF) 50 50 50 kHz

Slew Rate (Vour 20 p-P) 20 20 20 Vips

Seutling Time (10 1%, AVour = 20V) 2 2 us

NOISE
Noise Spectral-Density SF = 10V 0.8 0.8 0.8 uwNHz
SF=3V* 0.4 0.4 0.4 uwNHz
Wideband Noise f = 10 Hzto 5 MHz 1 1 1 mV/rms
=10 Hz to 10 kHz 90 90 90 pV/rms
OUTPUT

Output Voltage Swing +11 +11 *14 v

Output Impedance (f< 1 kHz) 0.1 0.1 0.1 Q

Output Short Circuit Current

(Rp =0, Ta = min 10 max) 30 30 30 mA
Amplifier Open Loop Gain (f = 50 Hz) 70 70 70 dB

INPUT AMPLIFIERS (X, Y and VA

Signal Voltage Range (Diff. or CM 10 +10 +10 \%

Operating Diff.) 2.2 .2 12 \Y%
Offset Voltage X, Y £5 +20 +2 +10 ) +10 mV
Offset Voltage Drift X, Y 100 50 50 uv/eC .
Offset Voltage Z &5 +30 2 +15 &2 +10 mV
Offset Voltage Drift Z 200 100 100 pv/eC
CMRR 60 80 70 90 70 90 dB
Bias Current 0.8 2.0 0.8 2.0 0.8 2.0 pA
Offset Current 0.1 0.1 0.05 0.2 PA
Differential Resistance 10 10 10 MQ

DIVIDER PERFORMANCE Z. 7D 024 2y zd 2

Transfer Function (X, > X») lOV(—zT;‘;P{ lOV(—X:—_-Ql;-)-a—Y ‘OV((—X:T;ZL)+Y‘

Total Error' (X=10V, IOV EZ<+I0V) +0.75 +0.35 +0.2 Yo
(X=1V,-1VSZ<+lY) +2.0 +1.0 +0.8 %
(0.1VSX£10V, 10V <Z<10V) 2.5 +1.0 +0.8 %

SQUARE PERFORMANCE _x.)? oo 2 2

Transfer Function M*Z: ML*'Zz X-Xa) Z;

1oV oV oV -

Total Error (-10V< X £10V) 0.6 +0.3 £0:2 Yo
SQUARE-ROOTER PERFORMANCE

Transfer Function (Z1 € Z2) ,)IOV(ZZ—Z‘)»“\’: JIOV(Zy - Zy) + X> ,fl()V(ZZ—Z,)+X2

Total Error' (1 V<Z<10V) +1.0 +0.5 +0.25 Yo
POWER SUPPLY SPECIFICATIONS

Supply Voltage

Rated Performance 15 *+15 +15 "

Operating +8 +18 +8 +18 +8 +18 Vv
Supply Current

Quiescent 4 6 4 6 4 6 mA

PACKAGE OPTIONS

TO-100 (H-10A) AD534JH AD534KH AD534LH

TO-116 (D-14) AD534]D AD534KD AD534LD

Chips AD534K Chips

NOTES Specifications shown in boldface are tested on all production units at final electrical

'Figures given are percent of full scale, 10V (e, 0.01% = 1 mV).
*May be reduced down to 3 V using external resistor between -Vs and SF.
rreducible component due to nonlinearity: excludes effect of offsets.

*Using external resistor adjusted to give SF = 3V.
5Sce Functional Block Diagram for definition of sections.

Specifications subject to change without notice.

test. Results from those tests are used to calculate outgoing quality Jevels.
max speci

< All min and
fications are guaranteed, although only those shown in boldface are tested
on all production units.
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Model ADS534S ADS34T
Min Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE X, - o, X = -
Transfer Function _(_1_)(12%},1__‘{22 +2Z, (—Lﬁl%)%’l‘_yﬁ +2Z,
Total Error' (-10V< X, Y<+10V) *1.0 *0.5 %
T, = min to max *2.0 +1.0 %
Total Error vs. Temperature +0.02 +0.01 %/°C
Scale Factor Error

(SF = 10.000 V Nominal)* +0.25 +0.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.005 %/°C
Supply Rejection (£15V 1 V) +0.01 +0.01 %
Nonlinearity, X (X =20V p-p, Y = 10V) +0.4 +0.2 +0.3 %

Nonlinearity, Y (Y =20V p-p, X = 10 V) +0.2 10.1 +0.1 %
Feedthrough?, X (Y Nulled,

X =20V p-p 50 Hz) +0.3 +0.15 +0.3 %
Feedthrough®, Y (X Nulled,

Y = 20V p-p 50 Hz) +0.01 +0.01 *0.1 %
Output Offset Voltage ) +30 2 *15 mV
Output Offset Voltage Drift 500 300 pv/°C

DYNAMICS
Small Signal BW (Vour = 0.1 ms) 1 1 MHz
1% Amplitude Error (Croap = 1000 pF) 50 50 kHz
Slew Rate (Vourt 20 p-p) 20 20 Vips
Settling Time (10 1%, 8Vour = 20 V) 2, 2 s
NOISE
Noise Spectral-Density SF = 10V 0.8 0.8 uwv/VHz
SF=3V* 0.4 0.4 w/Hz
Wideband Noise f = 10 Hz to 5> MHz 1.0 1.0 mV/ms
f=10Hzto 10kHz 90 90 pV/rms
OUTPUT
Output Voltage Swing +11 11 \
Output Impedance (f< 1 kHz) 0.1 0.1 Q
Output Short Circuit Current

(R, =0, T4 = min to max) 30 30 mA

Amplifier Open Loop Gain (f = 50 Hz) 70 70 dB
INPUT AMPLIFIERS (X, Y and z?
Signal Voltage Range (Diff. or CM 10 +10 \Y

Operating Diff.) *12 12 v
Offset Voltage X, Y 5 +20 2, +10 mV
Offset Voltage Drift X, Y 100 150 uvrc
Offset Voltage Z 5 +30 +2 +15 mV
Offset Voltage Drift Z 500 300 pv/reCc
CMRR 60 80 70 90 dB
Bias Current 0.8 2.0 0.8 2.0 A
Offset Current 0.1 0.1 HA
Differential Resistance 10 10 MQ

DIVIDER PERFORMANCE 21 %, T
Transfer Function (X, > Xz) 10 Vm* Y 10 V((T:j(% +Yy
Total Error' (X=10V, -10V SZ<+10V) +0.75 +0.35 %
(X=1V,-1V<Z <+1V) 2.0 +1.0 %
(O.lVSXSIOV, ~10V<Z<10V) £Z,D +1.0 %
SQUARE PERFORMANCE e 2 o 2
Transfer Function Bhaa) ) Z gtz Z,
v 10V
Total Error (-10V £ X <10 V) +0.6 +0.3 %
SQUARE-ROOTER PERFORMANCE
Transfer Function (Z, £ Z;) ,’10 V(Z,-2Z)) + Xs ,ho V(Zy-2)) + X,
Total Error' (1 VSZ<10V) +1.0 +0.5 %
POWER SUPPLY SPECIFICATIONS
Supply Voltage

Rated Performance 15 15 v

Operating +S +22 +8 +22 A\
Supply Current

Quiescent 4 6 4 6 mA

PACKAGE OPTIONS
TO-100 (H-107) ADS534SH ADS534TH
TO-116 (D-14) AD534SD AD534TD
E-20A AD534SE
Chips AD534S Chips AD534T Chips
NOTES Specifications shown in boldface are tested on all production units at final ¢lectrical

'Figures given are percent of full scale, 10V (i.c., 0.01% = 1 mV).
*May be reduced down to 3 V using external resistor between -Vsand SF.
Mrreducible component due to nonlinearity: excludes effect of offscts.

*Using external resistor adjusted to give SF =3 V.

5See Functional Block Diagram for definition of sections.

Specifications subject to change without notice.
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on all production units.
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AD534

CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensions shown in inches and (mm).

Contact factory for latest dimensions.

0.100 (2.54)
THE ADS34 IS AVAILABLE IN LASER - TRIMMED CHIP FORM

Thermal Characteristics
Thermal Resistance 8)c = 25°C/W for H-10A

Bja = 150°C/W for H-10A

f)c = 25°C/W for D-14 or E-20A
B)4 = 95°C/W for D-14 or E-20A

CAUTION

ESD (electrostatic di
accumulate on the human body an
Although the AD534 features proprie
occur on devices subjected to high e

precautions are recommended to avoid performance degradation or loss of functionality.
P

ABSOLUTE MAXIMUM RATINGS

ADS34), K, L
Supply Voltage +18V
Internal Power Dissipation 500 mWV *
Output Short-Circuit to Ground Indefinite *
Input Voltages, X1 X2 Y1 Y221 Z2 Vs *

Rated Operating Temperature Range 0°C to +70°C

Storage Temperature Range
Lead Temperature Range, 60 s Soldering

-65°C to +150°C | *

+300°C *
*Same as AD534] Specs.
+Vg
470k
50k ______TO APPROPRIATE
INPUT TERMINAL
1Kk
_VS

Figure 1. Optional Trimming Configuration

ORDERING GUIDE

Model

e

AD534]D

AD534KD
AD534LD
AD534JH
AD534]JH/+
AD534KH
AD534KH/+
AD534LH
AD534K Chip
AD534SD
AD534SD/883B
AD534TD
AD534TD/883B
]M38510/13902BCA
jM38510/139OIBCA
AD534SE
AD534SE/883B
AD534TE/883B
AD534SH
AD534SH/883B
AD534TH
AD534TH/883B
]M38510/13902BIA
]M38510/139OIBIA
AD534S Chip
AD534T Chip

scharge) sensitive device. Electr
d test equipmen

0°C 1o +70°C
0°C 10 +70°C
0°C 1o +70°C
0°C to +70°C
0°C to +70°C
0°C to +70°C
0°C 1o +70°C
0°C to +70°C
0°C 1o +70°C
_55°C to +125°C
_55°C to +125°C
-55°C to +125°C
_55°C 1o +125°C
_55°C to +125°C
_55°C 1o +125°C
_55°C to +125°C
-55°C 1o +125°C
_55°C 10 +125°C
_55°C 10 +125°C
-55°C 10 +125°C
-55°C to +125°C
-55°C 10 +125°C
-55°C 10 +125°C
_55°C 10 +125°C
_55°C 1o +125°C
_55°C to +125°C

tary ESD protection circuitry, permanent damage may
nergy electrostatic discharges. Therefore,

Temperature Range |

ostatic charges as high as 4000 V readily
¢ and can discharge without detection.

Package Description Package Option

Side Brazed DIP D-14
Side Brazed DIP D-14
Side Brazed DIP D-14
Header H-10A
Header H-10A
Header H-10A
Header H-10A
Header H-10A
Chip

Side Brazed DIP D-14
Side Brazed DIP D-14
Side Brazed DIP D-14
Side Brazed DIP D-14
Side Brazed DIP D-14
Side Brazed DIP D-14
LG@ E-20A
=@E E-20A
LEC E-20A
Header H-10A
Header H-10A
Header H-10A
Header H-10A
Header H-10A
Header H-10A
Ch

G |
" WARNING!
i

proper ESD

-

'’ ESD SENSITIVE DEVICE
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AD534

FUNCTIONAL DESCRIPTION

Figure 2 is a functional block diagram of the AD534. Inputs are
converted to differential currents by three identical voltage-to-
current converters, each trimmed for zero offset. The product
of the X and Y currents is generated by a multiplier cell using
Gilbert’s translinear technique. An on-chip “Buried Zener”
provides a highly stable reference, which is laser trimmed to
provide an overall scale factor of 10 V. The difference between
XY/SF and Z is then applied to the high gain output amplifier.
This permits various closed loop configurations and dramati-
cally reduces nonlinearities due to the input amplifiers, a domi-
nant source of distortion in earlier designs. The effectiveness of
the new scheme can be judged from the fact that under typical
conditions as a multiplier the nonlinearity on the Y input, with
X at full scale (10 V), is +0.005% of FS; even at its worst
point, which occurs when X = +6.4 V, it is typically only
+0.05% of FS Nonlinearity for signals applied to the X input,
on the other hand, is determined almost entirely by the mult-
plier element and is parabolic in form. This error is a major
factor in determining the overall accuracy of the unit and hence
is closely related to the device grade.

STABLE
REFERENCE
AND BIAS

O +Vs

Vs
TRANSFER FUNCTION

(X4 = X3) (Y1-Ya2) ]
=A [_____—_ 222
Vo SF (Z1-2Z2)

X4
X2 TRANSLINEAR

MULTIPLIER
ELEMENT
Y4

¥a

HIGH GAIN
OUTPUT
AMPLIFIER

Z4

0.75 ATTEN

Figure 2. Functional Block Diagram

Z2

The generalized transfer function for the AD3534 is given by:
oo (g_)%g_ﬁ_ @)

where A = open loop gain of output amplifier, typically
" 70dB atdc
X, Y, Z = input voltages (full scale = +SF, peak =
+1.25 SF)

SF = scale factor, pretrimmed to 10.00 V but adjustable
by the user down to 3V.

In most cases the open loop gain can be regarded as infinite,
and SF will be 10 V. The operation performed by the AD534,
can then be described in terms of equation:

(X, X,) (Y, = ¥2) =10V (2= Z3)

REV. B

The user may adjust SF for values between 10.00V and 3 V by
connecting an external resistor in series with a potentiometer
between SF and -Vs. The approximate value of the total resis-
tance for a given value of SF is given by the relationship:

SF

Rep =5.4K
SF 10- SF

Due to device tolerances, allowance should be made to vary Rsk;
by +25% using the potentiometer. Considerable reduction in
bias currents, noise and drift can be achieved by decreasing SF.
This has the overall effect of increasing signal gain without the
customary increase in noise. Note that the peak input signal is
always limited to 1.25SF (i.e., x5V for SF = 4 V) so the overall
transfer function will show a maximum gain of 1.25. The per-
formance with small input signals, however, is improved by
using a lower SF since the dynamic range of the inputs is now
fully utilized. Bandwidth is unaffected by the use of this option.

Supply voltages of £15 V are generally assumed. However,
satisfactory operation is possible down to =8 V (see Figure 16).
Since all inputs maintain a constant peak input capability of
+1.25 SF some feedback attenuation will be necessary to
achieve output voltage swings in excess of +12 V when using
higher supply voltages.

OPERATION AS A MULTIPLIER
Figure 3 shows the basic connection for multiplication. Note
that the circuit will meet all specifications without trimming.

AL
X INPUT ——1 Xy et +15V
+10VFS

L £12VPK

X2 OUTPUT, +12VPK

ouT
(X4 - X2) (Y3 = Y2)
=+
SF % 10V

AD534

2z OPTIONAL SUMMING
2 INPUT, Z, =10V PK

yinpur —| 1
+10VFS
+12V PK Y, Vs _15v

Figure 3. Basic Multiplier Connection

In some cases the user may wish to reduce ac feedthrough to a
minimum (as in a suppressed carrier modulator) by applying an
external trim voltage (30 mV range required) to the X or Y
input (see Figure 1). Figure 19 shows the typical ac feedthrough
with this adjustment mode. Note that the Y input is a factor of
10 lower than the X input and should be used in applications
where null suppression is critical.

The high impedance Z, terminal of the AD534 may be used to
sum an additional signal into the output. In this mode the out-
put amplifier behaves as a voltage follower with a 1 MHz small
signal bandwidth and a 20 V/ps slew rate. This terminal should
always be referenced to the ground point of the driven system,
particularly if this is remote. Likewise, the differential inputs
should be referenced to their respective ground potentials to
realize the full accuracy of the AD534.



AD534

A much lower scaling voltage can be achieved without any re-
duction of input signal range using a feedback attenuator as
shown in Figure 4. In this example, the scale is such that Vour
= XY, so that the circuit can exhibit a maximum gain of 10.
This connection results in a reduction of bandwidth to about
80 kHz without the peaking capacitor Cr = 200 pF. In addition,
the output offset voltage is increased by a factor of 10 making
external adjustments necessary in some applications. Adjust-
ment is made by connecting a 4.7 MQ resistor between Z, and
the slider of a pot connected across the supplies to provide
+300 mV of trim range at the output.

X INPUT
+10VFS
+12V PK OUTPUT, =12V PK
=(Xq =X2) (Y1-Y2)
(SCALE = 1V)
OPTIONAL
PEAKING
CAPACITOR
Cr = 200pF
Y INPUT
=10V FS

+12V PK

Fligure 4. Connections for Scale-Factor of Unity

Feedback attenuation also retains the capability for adding a
signal to the output. Signals may be applied to the high imped-
ance Z, terminal where they are amplified by +10 or to the
common ground connection where they are amplified by +1.
Input signals may also be applied to the lower end of the 10 kQ
resistor, giving a gain of —9. Other values of feedback ratio, up
to X100, can be used 10 combine multiplication with gain.

Occasionally it may be desirable to convert the outputto a cur-
rent, into a load of unspecified impedance or dc level. For ex-
ample, the function of multiplication is sometimes followed by
integration; if the output is in the form of a current, a simple
capacitor will provide the integration function. Figure 5 shows
how this can be achieved. This method can also be applied in
squaring, dividing and square rooting modes by appropriate
choice of terminals. This technique is used in the voltage-
controlled low-pass filter and the differential-input voltage-to-
frequency converter shown in the Applications section.

- s
X INPUT X Vs ‘
=10V FS !
VR CURRENT-SENSING v
—{ %, RESISTOR. Rg, 2k MIN |
out \
\
SF Zy N> — T ¢
AD534
Z, lout = X=X (Y1-Y2) 1 ) \
10V RS | 3
yiNpPUT — 71 INTEGRATOR -1 A
flg:/’ :i CAPACITOR ~ T~ \
: " " (SEE TEXT) ¢ 1 5 \
W \
v
Figure 5. Conversion of Output to Current \

OPERATION AS A SQUARER ¥
Operation as a squarer is achieved in the same fashion as the ‘1
multiplier except that the X and Y inputs are used in paralle] |
The differential inputs can be used to determine the output '

polarity (positive for ¥1 =¥1and X, = Y, negative if either one

of the inputs is reversed). Accuracy in the squaring mode is

typically a factor of 2 better than in the multiplying mode, th

largest errors occurring with small values of outpurt for _m;“[e

below 1 V.

If the application depends on accurate operation for inputs that
are always less than £3 V, the use of reduced value of SF is
recommended as described in the Functional Description sec-
tion (previous page)- Alternatively, a feedback attenuator may
be used to raise the output level. This is put to use in the differ-
ence-of-squares application to compensate for the factor of 2
loss involved in generating the sum term (see Figure 8).

The difference-of-squares function is also used as the basis fora
novel rms-to-dc converter shown in Figure 15. The averaging
filter is a true integrator, and the loop seeks 10 Z€r0 its input.
For this to occur, Vi)? - (Vout)? = 0 (for signals whose period
is well below the averaging time-constant). Hence Vourt 18
forced to equal the rms value of Viy. The absolute accuracy of
this technique is very high; at medium frequencies, and for
signals near full scale, it is determined almost entirely by the
ratio of the resistors in the inverting amplifier. The multiplier
scaling voltage affects only open loop gain. The data shown is
typical of performance that can be achieved with an AD534K,
but even using an AD534], this technique can readily provide
better than 1% accuracy over a wide frequency range, even for
crest-factors in excess of 10.

6= , : REV.B
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AD534

OPERATION AS A DIVIDER

The AD535, a pin-for-pin functional equivalent to the AD534,
has guaranteed performance in the divider and square-rooter
configurations and is recommended for such applications.

Figure 6 shows the connection required for division. Unlike
earlier products, the AD534 provides differential operation on
both numerator and denominator, allowing the ratio of two
floating variables to be generated. Further flexibility results from
access to a high impedance summing input to Y;. As with all
dividers based on the use of a multiplier in a feedback loop, the
bandwidth is proportional to the denominator magnitude, as
shown in Figure 23.

+
X INPUT ——4 Xy #Vg|——+1V OUTPUT, =12V PK
(DENOMINATOR) 10V (Z;-24)
+10V FS = 2Ly,
H2VPK — X2 X=Xz
out
SF Zy[— Z INPUT
AD534 (NUMERATOR)
z, | *1OVFS =12V PK
OPTIONAL
SUMMING v
INPUT ? !
+10V PK ¢
R

Figure 6. Basic Divider Connection

Without additional trimming, the accuracy of the AD534K
and L is sufficient to maintain a 1% error overa 10Vwo 1V
denominator range. This range may be extended to 100:1 by
simply reducing the X offset with an externally generated trim
voltage (range required is +3.5 mV max) applied to the unused
X input (see Figure 1). To trim, apply a ramp of +100 mV to
+V at 100 Hz to both X, and Z, (if X is used for offset adjust-
ment, otherwise reverse the signal polarity) and adjust the trim
voltage to minimize the variation in the output.*

Since the output will be near +10'V, it should be ac-coupled for
this adjustment. The increase in noise level and reduction in
bandwidth preclude operation much beyond a ratio of 100 to 1.

As with the multiplier connection, overall gain can be intro-
duced by inserting a simple attenuator between the output and
Y, terminal. This option, and the differential-ratio capability of
the AD534 are utilized in the percentage-computer application
shown in Figure 12. This configuration generates an output

proportional to the percentage deviation of one variable (A) with

respect to a reference variable (B), with a scale of one volt per

percent.

*See the AD535 data sheet for more details.

REV. B

OPERATION AS A SQUARE ROOTER

The operation of the AD534 in the square root mode is shown
in Figure 7. The diode prevents a latching condition which
could occur if the input momentarily changes polarity. As
shown, the output is always positive; it may be changed to a
negative output by reversing the diode direction and interchang-
ing the X inputs. Since the signal input is differential, all combi-
nations of input and output polarities can be realized, but
operation is restricted to the one quadrant associated with each
combination of inputs.

OUTPUT, =12V PK
=TV (Z3-24) +Xz

T
|
X4 +Vg|— +15V | REVERSE R_
THIS AND X (MUST BE
INPUTS FOR PROVIDED)
Xz NEGATIVE
ouTt OUTPUTS <7
OPTIONAL SF z,—- zput
SUMMING AD534 10VFS
INPUT, 2. |—+ 12VPK
X, 10V PK <7 2
4 Yy
L_ Y, Vg -15V

Figure 7. Square-Rooter Connection

In contrast to earlier devices, which were intolerant of capacitive
loads in the square root modes, the AD534 is stable with all
loads up to at least 1000 pF. For critical applications, a small
adjustment to the Z input offset (see Figure 1) will improve
accuracy for inputs below 1 V.

S IR




AD534-Applications Section

The versatility of the AD534 allows the creative designer to
implement a variety of circuits such as wattmeters, frequency
doublers and automatic gain controls to name but a few.

A Xy +Vg|— +15v
A-B
2
X 2
2 out ouTpuT = A28
[ 0V
> 30k
SF z,
AD534 10k
Z, v
Bi—— Y
A+B |
2
‘17— Y, Vs -15V
Figure 8. Difference-of-Squares
X4 +Vg |— +15V
CONTROL INPUT,
Ec. ZERO TO =5V
— X,
ouT OUTPUT, =12V PK
SET 4 E. E
GAIN AD534 39k = et S
1kQ 20 z o
-Vg SF 1 rr
1K 3 0.005uF
22
—
SIGNAL INPUT,
Es, =5V PK
S — Y, Vg -15V

NOTES:
1) GAIN IS X 10 PER-VOLT OF Ec, ZERO TO X 50

2) WIDEBAND (10Hz — 30kHz) OUTPUT NOISE 1S 3mV RMS, TYP
CORRESPONDING TO AF.S. SIN RATIO OF 70dB

3) NOISE REFERRED TO SIGNAL INPUT, WITH E¢ = =5V, IS 60pV RMS, TYP

4) BANDWITHIS DC TO 20kHz, -3dB, INDEPENDENT OF GAIN

Figure 9. Voltage-Controlled Amplifier

X4 +Vsi— +15V
. A3 ouT OUTPUT = (10V) sin 0
AD534 PRETE: T, 5
, WHERE 0= 5 * 357
2 SF 1
10k 43k
Z; p—
INPUT, E; | v 3kil
0TO +10V B 1
— Y, -Vg -15V

USING CLOSE TOLERANCE RESISTORS AND AD534L, ACCURACY
OF FIT IS WITHIN £0.5% AT ALL POINTS. 6 IS IN RADIANS.

Figure 10. Sine-Function Generator

X3 T
MODULATION # e
INPUT, =E),
X2 ouT OUTP! En
UT =12 - E¢ sin ot
SF Z4
AD534
Z;
CARRIER
INPUT Yy
Ec sin wt
‘;— Y, _vg|— 15V

THE SF PIN OR A Z-ATTENUATOR CAN BE USED TO PROVIDE OVERALL
SIGNAL AMPLIFICATION, OPERATION FROM A SINGLE SUPPLY POSSIBLE;
BIAS Y, TO Vg/2. !

Figure 11. Linear AM Modulator

9k (2 &—{ Xs 2s— Y

Xa OUTPUT = (100V) A=8

our (1% PER VOLT) -

1k

SF Z

AD534
___ AINPUT
2z, > (=)

B INPUT v
(+Vg ONLY) ¥

-15V

¥ fiennnan

OTHER SCALES, FROM 10% PER VOLT TO 0.1% PER VOLT
CAN BE OBTAINED BY ALTERING THE FEEDBACK RATIO.

Figure 12. Percentage Computer

X gl +15v
X
> ouT
AD534 OUTPUT, £5VIPK
SF z, B
Y
WHEREy = ——
2, (1ov)
INPUT, Y =10V FS Y,
o Y, Vg 15V

Figure 13. Bridge-Linearization Function
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+15V
ADJ 8kHz 2k
39K
Xy +Vg— +15V g
3 %2 out
ADJ
OUTPUT
AD534 Ly 15V APPROX.
SF Z4
5000 2.2k}
N
P PINS 5, 6,8 TO +15V
2z, PINS 1, 4 TO -15V
conTroL Y1 (= Ec. 1
INPUT, Ec '}%“ E 20 CR
100mV TO 10V _ ” Vgl 5V = )g = 1kHz PER VOLT
2 WITH VALUES SHOWN
CALIBRATION PROCEDURE:

WITH E¢ = 1.0V, ADJUST POT TO SET f = 1.000kHz. WITH E¢ = 8.0V ADJUST
TRIMMER CAPACITOR TO SET f = 8.000kHz. LINEARITY WILL TYPICALLY BE
WITHIN = 0.1% OF FS FOR ANY OTHER INPUT.

DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE
FOR MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE
10kHz THE AD537 VOLTAGE-TO-FREQUENCY CONVERTER IS RECOMMENDED.
A TRIANGLE-WAVE OF =5V PK APPEARS ACROSS THE 0.01pF CAPACITOR; IF
USED AS AN OUTPUT, A VOLTAGE-FOLLOWER SHOULD BE INTERPOSED.

Figure 14. Differential-Input Voltage-to-Frequency Converter

MATCHED TO 0.025%

20k02 10k 10k
AD741K
5k
10pF X Ve =sav
INPU NONPOLAR
sv RMS Fs — X2 CAkY I
+10V PEAK ouT—¢ 1 r
AD534 10pF SOLID Ta
&
RMS + La}
iy 10k2 SF & | outpuT
b = 07O +5V
AC RMS 10k02 3
L] Z ;
Y, % AD741J
1M
A v Vg — O +15V
L, ZERO
20k = 2P

CALIBRATION PROCEDURE:

WITH "MODE® SWITCH IN 'RMS + DC' POSITION, APPLY AN INPUT OF +1.00VDC.
ADJUST ZERO UNTIL OUTPUT READS SAME AS INPUT. CHECK FOR INPUTS
OF +10V; OUTPUT SHOULD BE WITHIN +0.05% (SmV).

ACCURACY IS MAINTAINED FROM 60Hz TO 100kHz, AND IS TYPICALLY HIGH
BY 0.5% AT 1MHz FOR V) = 4V RMS (SINE, SQUARE OR TRIANGULAR-WAVE).
PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST-FACTORS UP
TO AT LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY .

INPUT IMPEDANCE IS ABOUT 10k(}; FOR HIGH (10M(2) IMPEDANCE, REMOVE
MODE SWITCH AND INPUT COUPLING COMPONENTS.

FOR GUARANTEED SPECIFICATIONS THE AD536A AND AD636 ARE OFFERED
AS A SINGLE PACKAGE RMS-TC-0C CONVERTER.

Figure 15. Wideband, High-Crest Factor, RMS-to-DC Converter




Philips Semiconductors Product specification

1-to-64 bit variable length shift register HEF455|:ISB|

M

DESCRIPTION purposes. Information on Dy or Dy is shifted into the first

; ; . . . register position and all the data in the register is shifted
T:e HEIF453\7B 153 stabe clocked sedal shiftingister one position to the right on the LOW to HIGH transition of
witose St map b2 progrnmed fobeanymomben ot o i BF, 1ol LEWion pa e HIGE o LG trameifion
bits between 1 and 64. The number of bits selected is of CP; while CP, is HIGH. A HIGH on master reset (MR)
equal to the sum of the subscripts of the enabled length resets the register and forces O to LOW and O to HIGH
control inputs (L4, Ly, L4, Lg, L1 and Lgp) plus one. Serial independent of the other inputs ’
data may be selected from the D4 or Dg data inputs with ’
the A/B select input. This feature is useful for recirculation

9 3 12 113 |14 15 |1 2
A/B MR L32 Lig LB Lg jLo LT
D
7 |YA Cp
0410
D SHIFT REGISTER
s—O -
6408 cp 64-BITS o1
5 | CP1
4 1CPy
7272875.2
Fig.1 Functional diagram.
PINNING
Da, Dg data inputs HEF4557BP(N):  16-lead DIL; plastic
AB select data input (SOT38-1)
CPq clock input HEF45857BD(F):  16-lead DIL; ceramic (cerdip)
CP, clock enable input (SOT74)
MR asynchronous master reset HEF4557BT(D):  16-lead SO; plastic
Ly toLsp bit-length control inputs (SOT108-1)
0,0 buffered outputs ( ): Package Designator North America

@ [ﬁ] @ m m m m < FAMILY DATA, ipp LIMITS category LS|
0 O

Yon ba Ly lag Lag A/B See Family Specifications

D) HEF45578
Ly Ly MR CPg CPy Dg Dp Vss

L) 2] 18] [a) Is) Le] 7] 18]

72728176.1

Fig.2 Pinning diagram.
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Product specification
HEF4557B

1-to-64 bit variable length shift register
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Philips Semiconductors Product specification

. . . . HEF4557B

1-to-64 bit variable length shift register LS|
FUNCTION TABLE Notes
1. The moment D, appears at O depends on the
INPUT n
o L - EHTRIE bit-length shown in the table below.
MR | AB | Da | Dg | CPo | CP; A 2. H = HIGH state (the more positive voltage)

L L Dy | D2 | 1 L D2 3. L =LOW state (the less positive voltage)
L H Dy D2 | L Dy 4. X = state is immaterial
L L Dy D, H B D, 5. _/ = positive-going transition
L H D4 D, H AN D4 6. "\ = negative-going transition
H X X X X X L 7. D, =either HIGH or LOW

BIT-LENGTH SELECT FUNCTION TABLE

L3z Lis Lg La L, Ly | REGISTER LENGTH
L L L L4 L L 1-bit
L L L L L H 2-bits
L L L L H L 3-bits
L L L L H H 4-bits
L L L H L4 L 5-bits
L L 1L H L H 8-bits
L L L H H L 7-bits
L L L H H H 8-bits
d d a2 l l L i
L H H H H H 32-bits
H L L L L L 33-bits
H L L L L H 34-bits
l \: ! W\ T { 2
H H H H L L 61-bits
H H H H & H 62-bits
H H H H H L 63-bits
H H H H H H 64-bits

AC CHARACTERISTICS

Vss = 0 V; Tamp = 25 °C; input transition times <20 ns

V\‘;D TYPICAL FORMULA FOR P (uW)
Dynamic power 5 3500 i+ (f,CL) x Vpp? where
dissipation per 10 15000 f; + 3 (f,CL) x Vpp? fi = input freq. (MHz)
package (P) 15 37000 f+ X (f,CL) x Vpp2 » = output freq. (MHz)

C_ = load capacitance (pF)
Y. (foCL) = sum of outputs
Vpp = supply voltage (V)

January 1995 4



Philips Semiconductors Product specification

1-t0-64 bit variable length shift register HEF455L7SE;
AC CHARACTERISTICS
Vgs = 0V; Tamp =25 °C; C = 50 pF; input transition times < 20 ns
V\,_;D SYMBOL TYP. MAX. TYPICALF(E))’(!T;@LTLATION
Propagation delays
CPy,CP; -5 0,0 5 240 480 ns 213ns + (0,55 ns/pF) CL
HIGH to LOW 10 tpHL 90 180 ns 79ns + (0,23 ns/pF) C_
15 65 130 ns 57ns + (0,16 ns/pF) C,
5 240 480 ns 213ns + (0,55 ns/pF) C
LOW to HIGH 10 tpLH 90 180 ns 79ns + (0,23 ns/pF) C,
15 65 130 ns 57ns + (0,16 ns/pF) C_
MR - 0O 8 170 340 ns 143 ns + (0,55 ns/pF) C,
HIGH to LOW 10 tep 80 160 ns 69ns + (0,23 ns/pF) C.
15 60 120 ns 52ns + (0,16 ns/pF) C
MR -0 5 140 280 ns 113ns + (0,55 ns/pF) C,
LOW to HIGH 10 tpLH 70 140 ns 59ns + (0,23 ns/pF) C.
15 55 110 ns 47ns + (0,16 ns/pF) C,
Output transition times 5 60 120 ns 10ns + (1,0 ns/pF) C_
HIGH to LOW 10 Ty 30 60 ns 9ns + (0,42 ns/pF) C.
15 20 40 ns 6ns + (0,28 ns/pF) C.
5 60 120 ns 10ns + (1,0 ns/pF) C,
LOW to HIGH 10 trn 30 60 ns 9ns + (0,42 ns/pF) C.
15 20 40 ns 6ns + (0,28 ns/pF) C_

Interpolation table (see note next page)

LENGTH CONTROL INPUTS MINIMUM SET-UP, HOLD,
NUMBER OF RECOVERY

Ly L, Ls Lg | L | Ls2 | BITS SELECTED TIMES

L L L L L L 1 specified

H L L L L L 2 |

X H L L L L 3 |

|
six equal steps

X X
> X
X I
I r
rr
-~
© »

X X X | x H L 17 :
X X X X X H 33 specified
Notes

1. H = HIGH state (the more positive voltage)
2. L =LOW state (the less positive voltage)
3. X = state is immaterial

January 1995 5



Philips Semiconductors Product specification

1-to-64 bit variable length shift register HEF455|:/SE;
AC CHARACTERISTICS
Vss = 0 V; Tamp = 25 °C; C_ = 50 pF; input transition times < 20 ns; see also waveforms Fig.4
V\E;D SYMBOL | MIN.  TYP.
Minimum clock
pulse width; 5 twepL 180 90 ns
LOW for CPy or 10 or 60 30 ns
HIGH for CP4 15 tweph 40 20 ns
Minimum reset 5 150 75 ns
pulse width; 10 tWMRH 70 35 ns
HIGH 15 50 2b,ns
Set-up times
Da, Dg, AIB - CPy, 5 360 180 ns
CP; 10 T4 140 70 ns
Ly to Lz =LOW 15 90 45 ns
5 40 -20 ns
L3z = HIGH 10 o 35 -10 ns
15 30 -5 ns
Hold times
Da, Dg, A/B — CPy, b -40  -110 ns
CP, 10 thoio AN AT\ As
Litolz =LOW 15 0 -30 ns ik N
5 90 30 ns
L3 = HIGH 10 thotd 60 20 ns
15 50 15 ns
Recovery times for MR 5 500 250 ns
L1 toLap = LOW 10 o 250 125 ns
15 150 75 ns
5 110 50 ns
L35 = HIGH 10 tRMR 70 30 ns
15 60 25 ns
Minimum clock 5 2:5 5 MHz
pulse frequency 10 frax 7 14 MHz
15 10 20 MHz
Note

1. The set-up, hold and recovery times vary with the minimum number of bits selected. For other values as specified
one may interpolate as shown in the table (see previous page).
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(1) Ned Mohan, Tore M. Unndeland , william P. Robbins, “Power Electronics
Converters Applications and Design” , John Willy & Sons, 667 P, 1989
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